The Computerized Anatomical Man (CAM) model by Yucker, W. R. & Billings, M. P.
M DC G4655
SUMMARY FINAL REPORT
THE COMPUTERIZED ANATOMICAL MAN tCAM)MODEL
SEPTEMBER 1973
By: M.P. BILLINGS _md W. R. YU('KER
Prepared For
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Johnson Space Center
Houston, Texas
Contract NAS9-13228
https://ntrs.nasa.gov/search.jsp?R=19730023290 2020-03-23T01:03:37+00:00Z

ABSTRACT
A computerized anatomical man (CAM) model, representing the
most detailed and anatomically correct geometrical model of
the human body yet prepared, has been developed for use in
analyzing radiation dose distribution in man. This model of a
50-percentile standing USAF man, which has been substantially
refined from the original version prepared by Kase of Martin-
Marietta, comprises some 1100 unique geometric surfaces and
some 2450 solid regions. Internal body geometry such as
organs, voids, bones, and bone marrow are explicitly modeled.
A computer program called CAMERA has also been developed
for performing analyses with the model. Such analyses include
tracing rays through the CAM geometry, placing results on
magnetic tape in various forms, collapsing areal density data
from ray tracing information to areal density distributions,
preparing cross section views, etc. Numerous computer drawn
cross sections through the CAM model are presented to illustrate
the complexity and accuracy of the anatomical representations.
A sample problem illustrating the capabilities of the CAMERA
program is also included.
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This document is the Summary Final Report describing work
conducted by the McDonnell Douglas Astronautics Com-
pany (MDAC) under NASA Contract NAS 9-13228, "Development
of the Computerized Anatomical Man Model". The work was
performed for the NASA Johnson Space Center, Houston, Texas,
and was monitored by Mr. J. V. Bailey, Mail Code DD-63,
Health Services Division, Johnson Space Center, Houston,
Texas 70058.
The contributions of several MDAC personnel are gratefully
acknowledged, particularly Mr. R. W. Langley for guiding and
reviewing the work, Mr. B. R. Heckman for assisting with the
anatomical modeling, and Dr. H. B. Kelly for critiquing the
anatomical representations.
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Section 1
1 NTRODUCTION AND SUMMARY
An extremely detailed geometrical model of the human anatomy, the most
detailed yet prepared, has been developed for use in investigations dealing
with exposure of astronauts to the natural space radiation environment. The
model is equally applicable to investigations dealing with exposure of humans
to radiation associated with nuclear weapon and nuclear power system
environments and with medical applications, i.e., radiotherapy and radio-
graphy. Computer-drawn cross sections through this model are shown in
Figure 1.
With this model, called the Computerized Anatomical Man (CAM) model,
data on the amount and type of materials traversed by radiations penetrating
the body can be provided in a form compatible with radiation transport
computations. Usually these delineate the lengths and material compositions
of each path element associated with tracing a ray through the geometrical
system comprising the model. In this context the "ray" represents some
portion of the track of a nuclear particle within the body. The actual radia-
tion transport analyses are independent of the CAM model, the function of
the model being only to provide problem definition data in the form of input
geometric information for the radiation transport analyses. This generality
stems from the revised geometry framework, which is compatible with
Monte Carlo tracking as well as with point kernel ray tracking. Thus, there
is no real restriction on the type of transport code with which the CAM model
can be used. The CAM model data format is compatible with a number of
existing Monte Carlo and point kernel codes for nuclear and space radiation
transport.
The CAM model was originally developed in 1969 by Kase, et al. , of the
Martin-Marietta Corporation under contract to the Air Force Weapons
Laboratory (AFWL), and with funds provided by the NASA Manned Spacecraft
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F igure 1. Cross Section Through the CAM Model
Center (Reference I). The CAM geometrical data were extensively reviewed
and modified by personnel at the AFWL in the 1970-71 period. The version
of the model existing in January 1971 was acquired by McDonnell Douglas
Astronautics Company (MDAC) and applied in Company-funded studies of
space radiation problems in the 1971-72 period. In parallel with research
based on application of the original model, MDAC converted the geometrical
data comprising the model from the geometry framework in which it was
prepared to one more effective for routine use in shielding analyses. This
converted form of the CAM model has been further refined in the study
reported here, the major refinements being to evaluate and improve the
initial representations of anatomy, especially of bone geometry, and to
explicitly model bone marrow sites, which were not incorporated in the
original version.
Another item that was prepared is a computer program, called CAMERA,
specifically designed to perform geometrical operations with the data of the
CAM model. This program performs ray tracing computations, the results
of which can be used in point kernel shielding analyses. It also outputs the
ray tracing results in various forms, and it plots cross section views
through the model. The CAMERA program has been designed to facilitate
future addition of a capability to scale the CAM data to represent body
postures and physiques other than the standing 50-percentile USAF man on
which it was based. In anticipation of this extension, the model has been
subdivided into 15 body sections, and interfaces between them have been
modified to resemble body joints.
This report describes the activities conducted to develop the present version
of the CAM model from the original version; this effort is described in
Section 2. A description of the revised model, including numerous computer-
drawn cross-section views through the model, is presented in Section 3.
The CAMERA program is described in Section 4, and recommendations for
application and extension of the CAM CAMERA capability are presented in
Section 5.

Section Z
CAM MODEL DEVELOPMENT
A number of activities were conducted to complete the development of the
computerized anatomical man model, working forward from the data base
prepared by Kase, et al., of the Martin-Marietta Corporation and aug-
mented by personnel at the Air Force Weapons Laboratory. These activities
included (1) familiarization with, and use of, the model in its original form,
(fi) conversion of the model from data requirements of the MEVDP geometry
system to those of the QUAD geometry system, (3) debugging the converted
model, (4) evaluation of the anatomical correctness of the model, {5) improv-
ing on anatomical representations, and (6) verifying the refined and extended
model. The rationale for executing this work, and the techniques employed,
are presented in the following sections.
Z. I ORIGINAL VERSION
The original CAM model was designed to operate with the MEVDP program
developed by North American for modeling complex spacecraft configura-
tions (Reference Z). The MEVDP program optionally uses a built-in man
model, which is much simpler than the CAM model, in conjunction with a
spacecraft geometric system defined by input. This geometric data is used
to determine the mass distribution of the vehicle and the body and hence to
calculate the extent to which radiation-sensitive body organs are protected
against space radiations. In view of the complexity of the CAM model, the
portion of the MEVDP program usually used to describe the spacecraft
geometry was also used to describe the astronaut geometry.
2. I. i MEVDP Geometry System
The MEVDP geometry description uses simple shapes called "elemental
shield volumes _ (]_V) as the basic unit of geometry. Several of these EVs
may be specified to be contained in a more complex unit, called a "composite
shield volume" (CV). The CV concept is necessary to allow void EVs to
overlap a non-void or material IEV, which has the effect of cancelling the
material inside the overlapping region. The CVs are considered to be
independent, disconnected building blocks without identification of contiguous
volumes. Hence, ray tracing calculations cannot be performed by progres-
sing continuously along a ray through successive regions. Instead, each
CV must be tested to determine whether it is traversed by a given ray.
In order to reduce the number of CVs that must be tested, MEVDP defines
for each CV the octant of space that it occupies. This introduces the need
to translate the geometry data from the input absolute coordinate sys-
tem (ABCS) to a coordinate system centered at the origin of the ray (DSCS).
Then the direction cosines of the ray can be examined to determine which
CVs lie in the same octant. However, the octant concept is not always
effective since a shield may occupy more than one octant, depending on the
detector location. All such CVs are grouped into the "ninth octant", and
hence must all be inspected for each ray. For example, in the sample case
obtained with the CAM data, the octant test faiIed to reduce the testing in
this way for about 90 percent of the CVs. Also, since all rays must pass
through the origin, this treatment is extremely inefficient if used for follow-
ing particie tracks in a Monte Cario calculation or for handiing calculations
for a detector that is not fixed with respect to the geometry.
The ray tracing involves simultaneous soIution of the equation of the ray and
that of each surface bounding each EV in a CV. This task is reduced some-
what by using simplified tests to determine if the EV is not traversed by the
ray. Since the surface equations are simplified by expressing them in
special coordinate systems (RDCS), (e.g., the principal axes of an ellipsoid)
a rotation matrix is generated for each EV, transforming from the DSCS.
The first step in tracing each ray is thus to transform the equation of the
ray to the RDCS for the fEV. The simultaneous equations are then solved for
all points of intersection of the ray with all bounding surfaces of the IEV.
Further tests are required to eliminate spurious solutions and identify the
true entrance and exit points. Because the volume of geometricai data is too
large to store in core, it is used from a disk file. As each CV is read in,
all rays are traced in that volume.
The results of this ray tracing procedure are presented in two ways. First,
the path lengths for equivalent thicknesses of a standard material are accu-
mulated over all volumes for each ray. These total areal density values
are then sorted and used to construct the cumulative distribution func-
tion (CDF) of areal density for use in proton and heavy particle dose cal-
culations. For electron transport calculations, MEVDP saves the data on
path increment, material, and distance from the detector on magnetic tape
for each volume and each ray. This data is sorted first by ray number and
secondly by position along the ray, giving for each ray the order and
thickness of each material. This sorting operation, which turns out to be
rather costly, is made necessary by the lack of spatial continuity in the
geometry description.
Z. 1. 2 MEVDP Version of CAM Model
The original version of the CAM model, as prepared for use with the MEVDP
program, was designed to the exterior conformation and dimensions corre-
sponding to the 50th percentile Air Force man. Two configurations were
prepared, standing and seated, comprised of some 11,000 data cards each.
In the MEVDP geometrical system, the standing CAM model was described
by approximately Z500 elemental volumes constituting some 560 composite
shields. This number of elemental volumes involves many duplicated shapes
because of the absence of continuity in the geometrical description. That is,
contiguous solid shapes required specifications of the common surface of
each solid. The number of unduplicated shapes was more nearly 1200.
The chemical composition of this model was expressed by assigning each
region a material index corresponding to one of five standard material
compositions: lung, organ, intestine, muscle, and skeleton.
Two modes of operation of the model with MEVDP were possible. One mode
involved tracing rays from an internal point to the model exterior, writing
the details of the ray tracing results on magnetic tape in a form in which the
ray origin and angular orientation were preserved; such data could later be
combined with similar results for locations within a spacecraft model to
provide data on the combined shielding effect of vehicle and body. Experi-
ence with this mode of operation on the MDAC CDC 6500 computer indicated
computer times to be of the order of 1100 seconds per point for 512 rays,
of which approximately 100 seconds were for initialization (i. e., octant
sorting of CVs) and the remainder for ray tracing through the CVs and
sorting path length data for each ray into the order in which they would be
traversed.
The second mode, introduced by MDAC to help reduce computer time, was
to construct only the areal density distributions, which did not require
ordering the path data. This change reduced computer time to approximately
700 seconds per point for 51Z rays.
The MEVDP version of the CAM model was partially corrected and modified
and used by MDAC in a number of studies of space radiation dose to body
organs as reported in References 3-6. These studies used the second mode
of operation of the CAM/MEVDP combination, constructing CDF data on the
body mass distribution about several points in the spatially distributed BFO
and GIT as well as a point in the testes. In these computations 100 rays per
point were traced, requiring approximately 200 seconds each.
2. 2 CONVERSION TO IMPROVED GEOMETRY SYSTEM
The studies that were conducted with the CAM model, using the MEVDP
program, indicated a number of further potentially fruitful applications of
the model to assessment of radiobiologicai dose quantities and procedures.
However, it appeared that the computer-time requirements for such produc-
tion applications would be substantial, and that some effort to further reduce
computer time without sacrificing results was desirable. It also appeared
that some work on the data of the model was also required prior to large
scale production use, to eliminate "bugs" and to rework some portions of
the anatomical representations.
The most attractive prospect was to convert the model to another geometry
system, one that was substantially more efficient in ray-tracing computations
as well as one that would facilitate detecting and correcting errors in the
model to an extent not feasible within the MEVDP geometry framework.
Consequently, a comparison was made between MEVDP and the geometry
analysis techniques used in several computer programs, including the
MDAC SIGMA code (Reference 7), the MAGf SAM-C code (Reference 8), and
the OKNL MORSE program (Keference 9). Three significant conclusions
were reached:
A. The geometrical techniques incorporated in the MEVDP program
were inefficient in ray tracing computations, relative to other
geometrical techniques which were developed and available. Exper-
ience with these other techniques had been gained with considerably
less complex geometrical models, but nonetheless indicated that a
factor of 40 or so improvement in ray tracing efficiency was
possible.
B. Whatever geometry system was chosen, the conversion effort would
be an appreciable task because of the quantity of data (l i, 000 data
cards), the absence of information in the MEVDP geometry approach
on spatial continuity of the geometry, and errors in the model data.
(The latter are probably due to the absence of information on spatial
continuity, since overlapping regions and undefined regions are not
detected by MEVDP, as they are by the other codes.) Automation
of the conversion effort would necessarily be limited because any
alternative geometry system required data on spatial continuity that
were not available in the MEVDP system and would have to be pro-
vided manually.
C. Working with the model, once it had been converted, to remove
geometrical "bugs" and to remodel portions of the anatomy, would
be considerably easier because automatic plotting of cross sections
through the model would be feasible. With the MEVDP scheme such
cross section plots were extremely time-consuming and prohibitive.
The geometry system finally selected for the conversion process was the
MDAC QUAD system (Reference 10). The reasons for its selection were
(1) an intimate knowledge of its capabilities, (2) experience with use of the
system in performing error tests on complex geometric models, and (3} the
fact that numerous operational codes used the system. For example, QUAD
is used by the SIGMA code, the MDAC PATCH neutron and gamma ray point
kernel code (Reference 11), the MDAC SWORD space radiation dose analysis
and shield optimization code {Reference 12) and the FASTER/BETA (Refer-
ences 13-15) series of neutron/gamma/electron/x-ray Monte Carlo trans-
port codes. Hence selection of the QUAD system meant that a variety of
potentially interesting radiation transport calculations and dose analyses
involving the model would be feasible.
2. 2. I QUAD Geometry System
In the QUAD system, a geometric system is assumed to be described by a
series of homogeneous material regions. Each region is defined by specify-
ing the surface which form its boundaries, where each surface is defined by
a general quadratic equation:
G (x, y, z) = A 0 + AlX + Agy + A3z + A4 x2 + A5 y2 + A6z2 + A7xY '
+ A8Yz + A9zx = 0
A list of all the surfaces needed to subdivide the system is provided to the
code by specifying for each surface the values of each of the 10 possible
cartesian quadratic surface coefficients. These coefficients can be calcula-
ted by the code from simplified inputs for several simple shapes which are
commonly used, as identified in Table A-Z of the Appendix.
A region is defined by providing data on the material contained, a list of the
surfaces which bound the region, and the coordinates of any point inside the
region. These coordinates are used by the code to calculate "ambiguity
indices" for each bounding surface, which indicate on which side of the
surface the region is found. The code evaluates the surface quadratic
expression at the specified point, the sign of the result giving the ambiguity
index. This feature relieves the user of the task of providing the ambiguity
index for every boundary, which is required by other codes which use
quadratic surfaces, e.g., MORSE and COHOP_T-II (Reference 16).
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Ray tracing proceeds continuously from one region into the adjacent region,
providing three pieces of information about each path segment: identifica-
tion of region, path length in the region, and identification of the boundary
crossed in leaving the region. This series of calculations is repeated for
the neighboring regions along the ray until either the maximum distance of
interest to the user is reached, or until the exterior of the system is
encountered.
The ambiguity indices are used in identifying the region in which a point is
located. For use in ray tracing, the point used is either the origin of the
ray, or the point where the ray exits the previous region. The coordinates
of the point are used to evaluate the equations of all boundaries of a candi-
date region. The region is successfully identified if the ambiguity indices
for all boundaries with respect to the point in question are identical to those
generated by the code from the region description. A cross reference list
of all regions which are bounded by a given surface is used to reduce sig-
nificantly the number of candidate regions to be tested as the ray crosses
that surface from an adjacent region. The testing is further reduced by the
knowledge that the indices associated with the surface must be of opposite
sign (±) for regions on opposite sides. This technique can be extremely
effective in reducing ray tracing computer time, as evidenced by the fact
that in the converted CAM model, the number of regions that had to be tested
averaged 8 out of the Z450 candidates.
The calculation of the path length across a region involves solving simultane-
ously the equations of the ray with those of each bounding surface, except
the entry surface. A list of possible lengths is assembled containing up to
two roots of a quadratic equation for each surface. The actual path length
is taken to be the minimum of the positive roots. This selection identifies
the exit surface for the region and completes the calculation for the current
path length segment. Since the same intermediate quantities, dependent on
bounding surface, ray origin and ray direction, are used for calculating
ambiguity indices for a surface and path lengths to the surface, they are
computed and saved for only those surfaces needed.
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Since the ray tracing technique operates on continuously defined regions, the
normal sequence of operations cannot be followed if geometry definition
errors are present. The major geometry errors are usually undefined
volumes (or holes) and multiply-defined volumes (or overlaps). Two tests
are provided in the geometry routines to aid the user in locating these
errors. The first test involves calculations of ambiguity indices for each
point in the region definition data with respect to all other regions. A diag-
nostic message is printed if any point satisfies the conditions to be located
in more than one region. This simple test partially locates overlapping
regions.
The second test, which is more complicated, locates all errors. It is per-
formed optionally while tracing rays. In order to use this capability, addi-
tional regions must be defined to fill the space from the outer boundaries of
the system to a single ellipsoidal surface which entirely encloses the system.
Any ray which ends on a surface other than this outer surface has detected an
error. An error message is printed which includes information about each
region traversed by the ray up to the point of the error.
The printed error messages from this second test enable the user to correct
these errors in geometry description following the run. However, it is also
possible to continue the run, producing data without gross distortions as
might be introduced by the errors encountered, by means of an error
recovery procedure. In this procedure, the program automatically extrap-
olates the ray to the outer surface and traces a ray in the opposite direction,
back to the end of the first ray. If ahole is detected before the reversed ray
reaches this point, the undefined space is assumed to contain the same
material as the last region crossed by the reversed ray. The data from both
rays is then combined to produce a set of ray trace data, approximating the
data that would have been obtained if no error had been encountered.
The features described above make the QUAD geometry analysis routines
particularily well suited for application to the CAM model. The possible
shapes are restricted only by the limitations of quadratic surfaces. Pro-
grams which use only pre-defined shapes, such as MEVDP and SAM-C are
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much more restricted. The QUAD input data is simplified for the user, and
redundant data is neither required nor in fact allowed. The MEVDP data, on
the other hand, requires input of identical EV data many times. While
MEVDP is performing rotations for each CV on every ray and solving sur-
face equations for each of the repeated references to a surface, the QUAD
subprogram performs only the minimum number of operations required.
The great complexity of the CAM model makes these comparisons very
significant. Finally, unlike MEVDP which ignores any errors in geometry
description, the QUAD error tests detect and describe all errors present in
the data.
2.2.2 Computer-Aided Data Conversion
The GETRAN (GEometry TRansformation ANalysis) (Reference 17) program
was developed by MDAC to perform automatically, to the extent possible,
the conversion and checking of CAM data. This activity had been completed
prior to initiation of the present contractual effort. However many of the
capabilities originally incorporated in the GETRAN code have been included
in the CAMERA code prepared under the contract.
After the original data tape was scanned for format errors, and corrections
were made to ensure that all EVs defined for a CV were being read in the
proper group, the conversion process was begun. The GETRAN code
evolved as the conversion proceeded and the requirements for computer aids
to conversion were identified. An important part of these aids were several
optional plotting techniques which were added to the basic GETRAN code.
Later, as the emphasis shifted from conversion to evaluation, automatic
error-seeking features were added to GETRAN; these error-detection tech-
niques are identified in the discussions of the evaluation phase, during which
they we re employed.
GETRAN read the original MEVDP data cards for a CV and provided a
printed description of each of the EVs. Quadratic surface coefficients were
calculated for every surface defined. By their nature, the EVs defined for a
CV can and do overlap on each other, making the automatic definition of
regions a difficult task. The simplifying assumption was made that each EV
formed one region, bounded by the surfaces defined for that EV. The
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surface equations were scanned for duplicated surfaces, which were then
discarded. The surface and region data were punched on cards, and plots
were produced of the intersection of all surfaces with several planes perpen-
dicular to the coordinate axes.
This output from GETRAN was then inspected, with many superfluous sur-
faces being discarded and with the region data being corrected to conform to
the restrictions imposed by the QUAD ray tracing routines. The corrected
CV was then checked using GETRAN to produce additional plots of surface
intersections at more appropriate planes and to punch a final geometric sub-
system deck. In the event that the plots did not make obvious the corrections
required, corresponding plots of the CV were made using a GETRAN plotting
feature in which MEVDP transformation and ray tracing routines were used
to prepare the plotting data. Comparison of these two types of plots greatly
simplified the correction of the region data, but because of the inefficiency
of the MEVDP ray tracing technique {by a factor of 40 relative to QUAD),
these plots were used for only the most difficult CVs.
The next step in the conversion procedure was the automatic assembly by
the code of all the CVs contained in a body section (e.g., the head) into a
single geometry system. The surface and region data were assigned new
identification numbers sequentially in the new section model. The surface
data were examined and all repeated surfaces (i.e., boundaries common to
two or more CVs) were discarded. When a surface was discarded, the list
of boundaries in the region definitions was scanned to allow replacement of
the discarded surface and to decrement by one the number of all larger sur-
face numbers. The surface data were then collapsed to delete the repeated
data. Finally the condensed body section data were punched on cards by
GETRAN to facilitate their use in subsequent operations.
2.3 EVALUATION AND VERIFICATION
Following the conversion from MEVDP to QUAD geometry systems, the
model was intensively reviewed and tested to determine its validity. A
number of tests were performed to enhance detection of "bugs" in the geo-
metrical data, with the bugs that were recognized being corrected. Also,
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the model was reviewed by a physiologist, both to assess the accuracy with
which anatomy had been modeled and to suggest desirable improvements.
2. 3. 1 Error Tests
The GETRAN program was used to perform a number of tests designed to
detect inconsistencies and errors in the model. The error tests were per-
formed separately for each geometric subsystem assembled from the CV
data and were applied in three steps. The first test, called the point-in-
region test, was applied to detect gross overlaps between regions. The
other test, the outer boundary test, was optionally applied while tracing
rays through the system. The three steps in which the error tests were
performed are as follows:
1. The first step of the checkout process consisted of tracing rays in
planes perpendicular to the coordinate axes, to produce plane
section plots of the system. The plotting planes were moved
through the system at approximately one inch intervals. These
plots were examined, along with the printed description of any
errors which were identified, and with the CV plots generated
during the conversion. The errors were corrected and the plots
regenerated until no more errors were located by this procedure.
2. In the second step of the evaluation, rays were traced in random
directions from each of several points in each of the body sections.
The mass of each body section was computed during this step. The
degree of convergence of the mass was used as an indication of how
well the system had been examined by the error testing procedure.
3. The third step was similar to the second, except that the origin of
the rays was systematically moved from region to region of the body
section, until all regions had been explicitly tested.
2.3.2 Evaluation of Anatomical Representations
The process of evaluating the degree to which the converted and debugged
CAN[ model actually represented human anatomy had several facets. Some
of the recommended changes were of sufficient magnitude that their incor-
poration was not feasible under the present contract. Others were deferred
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until the extensive remodeling associated with representation of bone
marrow was implemented, as discussed in Section Z.4. Other relatively
minor changes were incorporated as the need was identified.
The process of critiquing the shapes of the current anatomical representa-
tions relied heavily on cross section plots. Plots were prepared for all
planes for which anatomical drawings identifying the intended model were
given in Reference 1. Additional plots were prepared for many cross sections
presented in standard cross section anatomy texts (References 18 and 19).
These cross section plots were reviewed, compared, etc., by a physiologist,
and a list of suggested changes were prepared. These changes are summar-
ized in Table 1 and were incorporated with the six exceptions noted.
One obvious improvement was to expand on the identification of the regions
presently modeled. Initially the boundaries of organs could not be plotted
because there was no organ-related identification of regions. It was evident
that such plots would be extremely useful, and hence the material index
associated with each region was modified to also denote an organ label. The
expanded capability to use this index to distinguish among other variations,
such as red versus yellow marrow, was also provided. Alist of the revised
material indices is given in Section 3.
Another modification to the region data was also implemented. The ID field
used in the original data to denote shield composite number was deleted, and
a coded identification of body part and anatomical name was added. For
example the regions defining the humerus in the right upper arm are now
labeled RUAHUMO1, RUAHUMO2, etc.
2.4 REVISION AND IMPROVEMENT
Substantial modifications to the model were effected, both to improve the
accuracy of the anatomical representation and to provide capabilities not
previously available. The anatomical improvements included incorporation
of the changes noted in Table l and addition of explicit models of the
spatially distributed bone marrow, which previously was homogenized with
bone and called "skeleton". The primary additional capability was division
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Table I
SUMMARY OF RECOMMENDED IMPROVEMENTS
Range Affected':-" Modification
4.3-5.
5.7- 7.
7.
13. - 23.
19.
31. 32.
36. 47.
45. 5 - 50.
50.
53. 63.
63. - 67.
67
16 - 25
20 - 25
25
29 - 34
33
36
Add missing skull bone
Revise tissue boundaries in face
Widen back teeth
Modify rib curvature at juncture with
vertebrae '_*
Extend ribs at sides
Move sternum forward in chest
Extend lower boundary of rib cage _,'_;:-"
Remove bone connecting pelvis to 5th
lumbar vertebra _-'_',-"
Remove boundary causing region behind pelvis
to be labeled as intestine
Round femur cross sections and slant inward
to knee
Reduce thigh cross section
Add patella .....
Modify bone cross-section shape. Reduce calf.
Round ankle and foot cross sections -::_::
Add bone region to foot _::_::
Round humerus cross section
Reduce bicep
Round elbow joint and move toward rear
Round ulna and radius
Move ulna to be within arm
Enlarge wrist bones
Add bone marrow regions
':,Vertical range (Z-coordinate) over which the change extends (inches).
":_;:'Suggested modification, not scheduled for implementation.
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of the body into a number of subsections and providing models of "joints" so
that these body subsections could be moved relative to one another. This
provision was made in anticipation of adding a posture scaling technique in a
future effort.
2.4. I Bone Marrow Modeling
The general procedure for modeling bone and bone marrow was to shape the
bone external contour to resemble the contour depicted in anatomy texts,
then to represent the marrow location by approximately the same shape, but
in reduced size. This approach simplified specification of the boundaries of
the marrow regions and minimized introduction of geometrical bugs. In
some locations this approach was not feasible because of the particular and
differing cross section shapes of bone and marrow, and special provisions
had to be made. The distinction between red and yellow marrow was made
by distinguishing between marrow in the torso, head and neck, and marrow
in the extremities, using the material index for the regions. Similarly a
distinction was made between marrow in trabecular bone regions and in
larger bone cavities.
This activity was a time-consuming process in that it involved: (1) scanning
numerous cross section plots and computer printouts to identify all material
indices, ID labels, surfaces, regions, and point-in-region data to be
changed to conform to the improvements discussed previously; then
(2) reworking the region specifications because of the changes associated
with rounding of bones and introduction of marrow modeling.
2.4. 2 Body Joint Modeling
As initially modeled, the geometry at the locations of major body joints
(elbows, shoulders, knees, hip, neck, waist) could not easily be manipu-
lated to accommodate body postures other than standing. Because the
scheme for manipulating joints to attain other postures would necessarily
influence geometrical representations of these joints, it was appropriate to
identify the general technique at this time, when the geometry of bones,
etc., was being modified. Once the technique for posture scaling was deter-
mined, joints were introduced into the model in a manner compatible with
its future implementation.
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The approach selected was based on subdivision of the body into 15 sections
(head, neck, upper torso, mid torso, lower torso, upper arms, lower arms,
hands, upper legs, lower legs). At each interface an ellipsoidal surface was
defined for one of the body sections, about which the other section rotates.
For ball and socket type joints, the spheroidal surface corresponds approxi-
mately to the ball, and hence is slightly larger than the bone; for "waist",
"neck" or wrist joints joints the ellipsoidal surface spans the full dimensions
of the interface. With this scheme the necessary corrections to mass distri-
bution at the joint, to obviate section overlap or creation of a gap, can be
made within the ray tracking package, and thus the flexed geometry need not
be modeled explicitly. An example of the modification of the interface
geometry, as required to accommodate the procedure for approximating
posture changes, is presented in Section 3. i.
2. 5 FINAL VERIFICATION
The revised and improved CAM model was subjected to a number of tests in
an effort to remove any errors introduced in the re-modeling and re-shaping
process, similar tests having been run on the converted model prior to its
refinement, as described in Section 2.3. An intensive review of computer-
drawn cross section plots was also conducted as a means of reaffirming the
anatomical correctness of the revised model. In this latter activity, the
standard by which the cross section views were measured was the cross
section anatomy figures in the medical texts.
The error tests were again conducted separately for each of the 15 body
sections into which the model was divided in making provision for the
posture change capability. These tests included the "point-in-region" test
which was repeated until no error messages were printed and the two types
of ray-tracing tests summarized in Section 2.3. I. The first ray-tracing
test was to trace numerous rays from one or more points within the body
section to the exterior surface, printing error messages for any errors
encountered by the ray. In this test the body section mass and surface area
were estimated, the values being updated with each additional ray traced,
until these quantities converged to specified values with zero errors having
been detected. This technique of determining a shutoff value for the number
19
of rays traced, in lieu of tracing a specified number, ensures that errors
that remain undetected are no larger than a given size. For the convergence
criteria that were imposed, 5%mass convergence for extended sections such
as arms and legs and 2°7omass convergence for more uniform sections such
as the neck, some 1000-1500 rays were usually traced.
The second ray-tracing test was similar to the first, but involved each
point-in-region as the origin. Substantially fewer rays were traced for each
such point, but far more points included. In this test, the region masses
were computed and output on punched cards for subsequent operations.
2. 6 DOSE POINT SELECTION
Techniques were developed for automatic determination of dose point loca-
tions in spatially-distributed body organs such as the BFO or bone marrow,
gastro-intestinal tract, and the skin. A number of randomly selected loca-
tions in each organ were identified and are presented in Section 3.3. These
dose point locations were selected randomly because the Monte Carlo tech-
nique is an accepted and preferred method for numerical integration over
complex distributions with relatively few evaluations of the integrand, and
because unbiased selection of dose points for these organs in a systematic
fashion would be a formidable task.
2. 6. i Dose Points in Skin
The technique for selecting randomly-located skin dose points was
effectively one for sampling randomly from skin area. The procedure con-
sisted of directing rays at the model from points randomly located on an
external spherical surface surrounding the model. These rays were random
in origin and inward direction and produced a uniform isotropic density
within the sphere. Hence their probability of penetrating the CAM geometry
at any point was proportional to skin area. Once a penetration was recog-
nized, the surface normal was computed and the coordinates of a point
0. 1 mm inward along the normal was determined. Some skin locations are
appreciably shadowed by other parts of the body (i.e., the extremeties).
Such locations are represented in the list of skin dose points by including
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points based on all penetrations (i. e., entry, exit, re-entry, etc.) along
each ray intersecting the model. This provision is a requirement to obtain
uniformly distributed skin points.
2. 6. 2 Dose Points in Bone Marrow
The technique for selecting the locations of dose points in the bone marrow
or blood-forming organs (BFO) is one of selecting uniformly from BFO mass
(volume) as modeled in CAM. These same dose point locations could be
used in conjunction with a BFO mass distribution other than the one modeled
by adjusting the dose point weights which are provided in Table 12. For
example, the listed weights would be sealed by the ratio of BFO region-wise
mass values specified by input to the values built into the random selection,
different ratios thus being determined for each BFO dose point.
The dose point random-selection procedure is a rejection technique and
consists of selecting the three coordinates of a point randomly and testing
whether it is located in a BFO region, either trabecular bone or marrow.
Hence the frequency with which a BFO region is selected is proportional to
its volume relative to the total volume within which points are randomly
selected. This frequency was enhanced by working with individual sections
of the model and by restricting x, y, and z values to a rectangular box
enclosing the section. With this procedure BFO dose points were selected
at an approximate rate of one every I0 seconds on the CDC 6500 computer.
2.6. 3 Dose Points in Gastrointestinal Tract
The technique for selecting dose points within the gastrointestinal tract
was identical to that used for the BFO.
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Section 3
CAM MODEL DESCRIPTION
3. 1 GEOMETRICAL DESCRIPTION
The CAM model is defined by some 1100 unique, unduplicated surfaces
which form the boundaries of some 2450 regions. Each surface is identified
by specification of the numerical values of the coefficients of the generalized
quadratic equation used to describe surfaces. Each region is identified by
the specification of the indices of the surfaces that bound it, by the coordi-
nates of a point internal to the region, by the index of the material compo-
sition of which the region is comprised and by the region density. The
geometry is a continuous system in which there are no intended overlapping
regions or undefined regions within the ellipsoidal surface forming the closed
outer boundary of the total geometric system (some relatively insignificant
overlaps and/or holes undoubtedly do remain in a system this complex,
despite the extensive error tests that have been conducted to detect them).
On the average each surface bounds 15 regions and, conversely, each
region is bounded by an average of 7 surfaces. The total model requires
some 6000 data cards (whereas 11,000 cards were required for the original
standing version).
3. 1. 1 Subsections and Joints
The geometric data has been divided into 15 subgeometries for some appli-
cations, these subgeometries corresponding to major body sections connected
by "joints," such as would be required to introduce a change in posture from
the standing man currently modeled. (Such a posture change capability
would be provided via routines in the CAMERA program, but is not presently
available.) This division is illustrated in Figure Z, as is the coordinate
system used to define the geometrical data.
The geometry at body joint locations has been modeled so that relative
motion of the adjacent sections will not create either a separation
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CR145
Figure 2. Body Sections and Joint Locations
(discontinuity) or overlapping of the sections. Corrections for overlapping
are made by the geometry routine in the CAMERA code. The separation or
void problem has been treated in a somewhat different manner for different
types of joints, but is generally as shown for a "ball and socket" type joint
illustrated in Figure 3. The "ball" which is the head of the humerus
protrudes across the plane surface interfaces between body sections. Arm
rotation would require rotation on this spheriodal surface. Separation, as
the arm is raised away from the body, is prevented by providing a second
spheroidal region which also rotates with the arm section within the torso
and which grows as the arm is raised and fills the space between the two
interface planes. Figure 3 also shows the humerus after marrow regions
were added; the apparent taper to the humerus is the result of the cross
section plane cutting diagonally across the bone.
3. 1.2 Identifiers
In addition to the numerical data that define surfaces and regions, the model
description also contains alphameric data for each region in which a coded
identifier is provided. Such descriptors indicate the body section to which
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Figure 3. Cross Sections Through Right Shoulder
the specific region belongs and the anatomical name of the piece. For
example, the pieces of the geometry comprising the humerus in the right
upper arm are labeled RUAHUM01, . 02 .... etc. At the present time these
identifiers are used only to collate data cards, but their eventual use in
preparing specialized plots of specific body parts is contemplated; this would
require some modifications to CAMERA. Identifiers are listed in Table 2.
3. 1. 3 Materials
Each solid region is assigned a material index that defines its chemical
composition, There are nine different compositions in the revised CAM
model, replacing the five used in the original version. The material indices
serve the additional function of distinguishing among different organs which
have the same assigned composition, or distinguishing among various loca-
tions of a distributed organ, as the BFO. The materials code is given in
Table 3, in which all entries with the Ldentical last digit have the same
composition. This expanded materials code capability makes it possible to
prepare cross section plots that indicate the boundaries between different
organs (different materials) without showing all boundaries of all regions.
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Table 2 (Page I of 4)
ALPHAMERIC REGION IDENTIFIERS
HEAD
HDMUSC
MUS 1
MUSZ
MUS3
REAR
LEAR
NOSE
TONG
BRAI
REYE
LEYE
CVER
SCOR
SBFO
SKUL
SKBF
MAND
MBFO
TEET
SINU
PHAR
NASV
OR.AV
EXVO
bLDV
Muscle regions 1-99
Muscle regions I00-199
Muscle regions Z00-299
Muscle regions 300-399
Right ear
Left ear
Nose
Tongue
Brain
Right eye
Left eye
Cervical vertebrae
Spinal Cord
Spinal BFO (in CVER)
Skull
Skull BFO
Mandible
Mandible BFO
Teeth
Sinuses
Ph a rynx
Nasal void
Oral void
External void
Lower disconnect void (at neck)
NECK
NKMUSC
MUSI
CVER
SBFO
SCOR
ESOP
TRAC
THYR
bEXV
bUDV
bLDV
Muscle regions 1-99
Muscle regions 100-199
Cervical vertebrae
Spinal BFO (in CVER)
Spinal cord
Esophagus
Trachea
Thyroid
External void
Upper disconnect void (at head)
Lower disconnect void (at upper torso)
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Table 2 (Page 2 of 4)
ALPHAMEKIC REGION IDENTIFIERS
UPPER TORSO
UTMUSC
THYR
C LAV
bBFO
SCAP
RIBS
RBFO
TVER
SBFO
SCOR
LUNG
ESOP
TKAC
bEXV
RA DV
LADV
bUDV
bLDV
Muscle
Thyroid
Clavicle
Clavicle or scapula BFO
Scapula
Ribs
Rib BFO
Thoracic vertebrae
Spinal BFO (in TVER)
Spinal cord
Lung
E s ophagus
Trachea
External void
Right arm disconnect void
Left arm disconnect void
Upper disconnect void (at neck)
Lower disconnect void (at mid torso)
MID TORSO
MTMUSC
RIBS
RBFO
TVER
LVER
SCOR
HEAR
LUNG
LIVR
STOM
SPLE
PAN C
KIDN
INT S
bEXV
KADV
LA DV
bUDV
bLDV
Mus c le
Ribs
Rib BFO
Thoracic vertebrae
Lumbar vertebrae
Spinal cord
Heart
Lung
Liver
Stomach
Spleen
Pancreas
Kidney
Intestine
External void
Right arm disconnect void
Left arm disconnect void
Upper disconnect void (at upper torso)
Lower disconnect void (at lower torso}
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Table Z (Page 3 of 4)
ALPHAMERIC REGION IDENTIFIERS
LOWER TORSO
LTMUSC
MUS i
SCOR
LVER
SBFO
PELV
PBFO
BLAD
INTS
SCRO
bEXV
bUDV
RLDV
LLDV
RADV
LA DV
bEDV
Muscle regions 1-99
Muscle regions I00-199
Spinal Cord
Lumbar vertebrae
Spinal BFO (in EVER)
Pelvis
Pelvis BFO
Bladder
Intestine
Scrotum
External void
Upper disconnect void
Right leg disconnect void
Left leg disconnect void
Right arm disconnect void
Left arm disconnect void
Lower disconnect void
RIGHT UPPER ARM (LEFT SIMILAR)
RUAMUS
HUM
BFO
EXV
UDV
TDV
LDV
Mus cle
Humerus
Humerus BFO
External void
Upper disconnect void (at upper torso)
Torso disconnect void
Lower disconnect void (at forearm)
RIGHT FOREARM (LEFT SIMILAR)
RFAMUS
RAD
ULN
BNE
BFO
EXV
UDV
TDV
L DV
Muscle
Radius
Ulna
Bone
Radius and ulna BFO
External void
Upper disconnect void (at upper arm)
Torso disconnect void
Lower disconnect void (at hand)
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Table 2 (Page 4 of 4)
ALPHAMERIC REGION IDENTIFIERS
RIGHT HAND (LEFT SIMILAR)
RHMUS
BN1
BN2
BN3
BN4
BN5
BFO
BNE
WRI
EXV
TDV
LDV
UDV
Muscle
Bone in fingers
Bone in fingers
Bone in fingers
Bone in fingers
Bone in fingers
BFO
Bone in hand and wrist
Wrist
External void
Torso disconnect void
Lower disconnect void
Upper disconnect void
RIGHT UPPER LEG (LEFT SIMILAR)
RULMUS Muscle
BNE Bone
HIP Hip
BFO BFO
FEM Femur
KNE Knee
EXV External void
UDV Upper disconnect void
IDV Inner disconnect void
HDV Hand disconnect void
LDV Lower disconnect void
RIGHT LOWER LEG (LEFT SIMILAR)
RLLMUS
MU1
BNE
KNE
TIB
FIB
BFO
EXV
T DV
UDV
Muscle regions 1-99
Muscle regions 100-199
Bone
Knee
Tibia
Fibula
BFO
External void
Torso disconnect void
Upper disconnect void
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Table 3 (Page i of 2)
MATERIALS CODE
Index Material
Density
(gm/cm 3 )
1
Ii
21
2
4
5
6
7
17
8
18
9
3
13
Z3
33
43
53
63
73
83
Void (External)
Void (Internal)
Void (Disconnect)
Lung
Intestine
Muscle
Bone
Red Marrow (Torso)
Yellow Marrow (Limbs)
Skeleton '!! (Torso)
Skeleton* (Limbs)
Tissue
Brain
Spinal Cord
Eye
Thyroid
Heart
Stomach
Liver and Gall Bladder
Spleen
Kidneys
0
0
0
0 257
0 451
1 06
1 75
0 918
0 918
1 50
1 50
1 0
1 058
1 058
1 058
1 058
1 058
1 058
1 058
1 058
I. 058
3O
Table 3 (Page 2 of 2)
MATERIALS CODE
Index Material
Densit_r
(gm/cm 5)
93 Bladder
103 Pancreas
I13 Testes
1. 058
1. 058
1. 058
;:"Bone/marrow homogenization to represent spongy bone.
Three types of void are identified in the materials code. "External void"
denotes regions that are defined only to provide continuity in the geometric
description from the body exterior to the outer surface. The distinction
between external and "internal voids" allows recognition of "skin" in ray
tracing calculations, as in selection of skin dose points, because skin is
always bounded by external void. "Disconnect voids" are defined only for
individual body sections and disappear when body sections are joined to form
a whole model. They are dummy void regions which fill the volume occupied
by an adjacent body section when the sections are assembled.
3. 1.4 Cross Section Views
Computer-drawn cross sections through the CAM model are presented in
Figures 4-118. The cross sections were prepared separately for each of
the 10 unique body sections (the five left-limb sections are not illustrated)
and used the CAMEI_A plotting option where only boundaries between regions
of dissimilar material are shown. All views for each section have been
drawn to the same scale to facilitate their review. The grid displayed in the
figures is the CAM coordinate system. The general arrangement of cross
section views is by body section, with vertical cross sections (x=constant or
y=constant) being presented first. Horizontal cross sections (z=constant) are
then shown, these views being at one inch intervals through head, torso and
Note: Text continued on Page 89.
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Figure 4. Vertical Cross Section Through the Head at x = 0
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Figure 8. Horizontal Cross Section Through the Head at z = 1
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Figure 70. Horizontal Cross Section Through the Head at z = 3
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Figure 12. Horizontal Cross Section Through the Head at z = 5
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Figure 13. Horizontal CrossSection Through the Head at z = 5.99
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Figure 14. Horizontal Cross Section Through the Head at z = 7
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Figure 15. Horizontal Cross Section Through the Head at z = 8
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Figure 16. Vertical Cross Section Through the Neck at x = 0
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Figure 17. Vertical Cross Section Through the Neck at y = 0
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Figure18. HorizontalCrossSectionThroughthe Neck at z = 9.01
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Figure 19. Horizontal Cross Section Through the Neck at z = 10
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Figure 20. Horizontal CrossSection Through the Neck at z -- 11
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Figure 21. Horizontal Cross Section Through the Neck at z =11,99
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Figure 22. Vertical Cross Section Through the Upper Torso at x = 0
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Figure 23. Vertical CrossSection Through the Upper Torso at y = 0
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Figure 24. Horizontal Cross Section Through the Upper Torso at z = 12.01
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Figure 25. Horizontal Cross Section Through the Upper Torso at z = 12.99
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Figure 26. Horizontal Cross Section Through the Upper Torso at z = 13.01
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Figure 27. Horizontal Cross Section Through the Upper Torso at z - 14
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Figure 28. Horizontal Cross Section Through the Upper Torso at z = 15.01
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Figure 29. Vertical Cross Section Through the Mid Torso at x = 0
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Figure 30. Vertical Cross Section Through the Mid Torso at y = 0
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Figure 31. Horizontal Cross Section Through the Mid Torso at z -- 16
CR145
45
r ii ,re .+,",._
:1 II.ol -_ iootl +_ II.ll -i _l.ii o|l t =1.ol + i1.11 + Ol+ll
: I I I I I
i I i i I I
•+ ............................. .... ..... o ................... ..._ .....................................
+ i_.ol
! I , ....... 1" I i+. I
, j" ...... "+
i L." k:;'.'" .,; I ti+. , i
.." ,;,_" ........ !t_j. "..
• ,_# -.I-
.;.'*.,, '..-.._. ".
L - I ,-_;+ 1 I I "I: '$
: .+. "_. .,.
t- -- -- % i ::; I /1' I". "'.; I"
i h :.:j;. .¢'". -" I i ",.E" _.
'--:-, ,_. '...." _ "£.'....:
- r - -r:-!!!<.+.iT -,-i .....
_-"" %.+.,. C " +' :_" "
" ,: ; -;". +_... ,' .....
[ I .:1 ;"" I ", I I " .;-_.' I i
: ".'.;; "... .., ._.. -
•. -- ":_" . -- -I ";+:, ""
i I I q. I ": ...... "f..... I .: I
"'.,..... !
L- _- 4- 4: -I --.+ I
........ + _t+.{{
.+ ........................................ ...... . ......... ., .+ ....................................
+ I I t I + ;
L _ L _ ± ._ A + A _ _i .... + ...... j..
CR145
Figure 32. Horizontal Cross Section Through the Mid Torso at z = 17
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Figure 33. Horizontal Cross Section Through the Mid Torso at z = 18
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Figure 34. Horizontal Cross Section Through the Mid Torso at z = 19.01
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Figure 35. Horizontal Cross Section Through the Mid Torso at z = 20
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Figure 36. Horizontal CrossSection Through the Mid Torso at z = 21
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Figure 37. Horizontal Cross Section Through the Mid Torso at z = 22.01
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Figure 38. Horizontal Cross Section Through the Mid Torso at z = 23.01
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Figure 39. Horizontal Cross Section Through the Mid Torso at z = 24
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Figure 40. Horizontal Cross Section Through the Mid Torso at z = 25.01
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Figure 41. Horizontal Cross Section Through the Mid Torso at z = 26.01
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Figure 42. Horizontal Cross Section Through the Mid Torso at z = 27
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Figure 43. Horizontal Cross Section Through the Mid Torso at z = 28.01
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Figure 44. Horizontal Cross Section Through the Mid Torso at z = 28.99
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Figure 45. Vertical Cross Section Through the Lower Torso at x = 0
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Figure 46. Vertical Cross Section Through the Lower Torso at y = 0
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Figure 47. Horizontal Cross Section Through the Lower Torso at z = 30.1
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Figure 48. Horizontal Cross Section Through the Lower Torso at z = 31
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Figure 49. Horizontal Cross Section Through the Lower Torso at z = 32
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Figure 50. Horizontal Cross Section Through the Lower Torso at z = 32.9
+t, o,+.o+ + o+ i oo+lo
.i OO,IIII -, G|,lt O0*ll O+,+C • |o.++
I I i I
I 1 i I
I i I t
'" ................ ; ...... "_"' """ '--' .......... '--"+ --I _'" ' ' "--'"" ' ' "_" " ' '_" '"" ' "--'" ' ' ' "--'.... '!':'
" :':._::-, : .,++• ','t
: %.. .... , e : '..
I ,. I I :J l i I
1'
i I F.i ,' I I
•:" ,. ,+: ............. ::. " :"
- r - -t -....-:t...7_, .'--i - _,_' ' .....
• ; .|
+. t J
I " J I ".:,i "-+ I t:," I
• o r'
_-,,,, ,R-+ , ., 3q_-.,, :+,-T',,... ,-'{-. :.. ,+7, .. , ,-_+, , ,, ;-:,_ _'_ ._+,,.. +'TJ. , , *'_, ,'.. +_-,l . 7, .... :,_+ _-, "+ _'_
I I I ! ,
I I I I I i
L _ L ._ , _L .. _ _1. .... _ ....... _ ..... '_.
CR145
Figure 51. Horizontal Cross Section Through the Lower Torso at z = 34
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Figure 52. Horizontal Cross Section Through the Lower Torso at z = 35
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Figure 53. Horizontal Cross Section Through the Lower Torso at z = 36
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Figure 54. Horizontal Cross Section Through the Lower Torso at z -- 37
CRt46
t of.el q,ll.ee
I
t
I
f I f
I I I
............... J ....................... J......... I
l_ uppl| ilJ
6.1t1.1_ i,et°ll i i1°11 t. i1.tl i _1+11
I P. I t I
,I :: ; [ I
•.:::::. ',
I /_ :" L I
_i- , --i --
b +..." :• I I
:l tl_
I: :: :" : t L
:: ;) _ ,+.=_
• i] !i l l
:1 :: :: I I
:1 :: ::1 I I
- .. "+:
ii iil ' '
.o
..........."" :: l : r- - ]- ......
_I ;+'P;
• " ;t : ( +
..,.I : t i I
•t! ...... ,_:,:t :
......... _............ +........... _.........
I l I
l l [
CR145
Figure 55. Vertical Cross Section Through the Upper Arm at x = 0
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Figure 56. Vertical Cross Section Through the Upper Arm at y = 7.5
-3 oo,ee -le =e.oo -t ooooo coo n oo*eo I oc-oo
I I I I I I
r-- I I 1 1- - - I- - ' °°*°'
I I I I _ I
I I I I I
I )
I .L ......
Figure 57. Horizontal Cross Section Through the Upper Arm at z = 14
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Figure 58, Horizontal Cross Section Through the Upper Arm at z = 16
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Figure 59, Horizontal Cross Section Through the Upper Arm at z = 18
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Figure 60. Horizontal Cross Section Through the Upper Arm at z = 20
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Figure 61. Horizontal Cross Section Through the Upper Arm at z = 22
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Figure 62. Horizontal Cross Section Through the Upper Arm at z = 24
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Figure 63. Horizontal Cross Section Through the Upper Arm at z = 25.9
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Figure 64. Vertical Cross Section Through the Forearm at x =-0,5
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Figure 65. Vertical CrossSection Through the Forearm at y = 7
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Figure 66. Vertical Cross Section Through the Forearm at y = 8
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Figure 67. Horizontal Cross Section Through the Forearm at z = 26
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Figure 68. Horizontal Cross Section Through the Forearm at z = 28.1
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Figure 69. Horizontal Cross Section Through the Forearm at z = 30
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Figure 70. Horizontal Cross Section Through the Forearm at z = 32
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Figure 71. Horizontal Cross Section Through the Forearm at z = 34
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Figure 72. Horizontal Cross Section Through the Forearm at z = 36
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Figure 73. Vertical Cross Section Through the Hand at x = 0.5
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Figure 74. Horizontal Cross Section Through the Hand at z = 36.3
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Figure 75. Horizontal Cross Section Through the Hand at z = 38
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Figure 76. Horizontal Cross Section Through the Hand at z = 40
-+ lo,ee -leo,el
I
I
F
t , ,P. r _ •, m,, e
.i e|.el | oo i go.oo | +l*l|
1 I I I
I I-
I I
t F
i l
" :i '
• ., ... ,i .: ,+;
_I+. ..
• 'o,o .............. ,,-"
i i
I I
I r
I 4 I
I I
:i- +- - + , ++.oo
I l
Figure 77. Horizontal Cross Section Through the Hand at z = 42
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Figure 78. Vertical Cross Section Through the Upper Leg at x = 1.0
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Figure 79. Vertical Cross Section Through the Upper Leg at y = 4
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Figure 80. Horizontal Cross Section Through the Upper Leg at z = 34
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Figure 81. Horizontal Cross Section Through the Upper Leg at z = 35
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Figure 82. Horizontal Cross Section Through the Upper Leg at z = 36
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Figure 83. Horizontal Cross Section Through the Upper Leg at z = 37
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Figure 84. Horizontal Cross Section Through the Upper Leg at z = 38
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Figure 85. Horizontal Cross Section Through the Upper Leg at z = 39
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Figure 86. Horizontal Cross Section Through the Upper Leg at z = 40.1
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Figure 87. Horizontal Cross Section Through the Upper Leg at z = 41
Clql46
73
1I z Q_ I P p I I I I I
_ °
_q ° °- . •i ii. _,e it i_ - I. le .ti I ol Ii -i.Ii°le •_ iii i ee.li I ii. II I I,_11 II i,i: °
J I I I I I I
__ J _ I.... J _ L _ _ J _ L .....
• . ................................................ ° ..................................................
I I I .... ......... t,........ I I: -'i . .,.
}- -- I ... "''" "" _ -- - -- 2"%.-1 .....
- - - # 1 r F
-- i ll..e
.... ,"
; • . _
• . . • .
• . . .
L .... ;- - L _ _ J _,.'4 " #_ _ _l -'. L ......
: _o ...B"
i I I I I I
I - -- q -- F -- -- -I -- - -I - : F ......
| I I I I : I
J- -- i tl*el
i '-F. I I 1 .: I
| .... J -'"'IE - - -J ..... J" _ L ......
: o. .."
: .- ...
:r- ..... r ..... "f ....... I- ..... r ..... -r .................. "q ....... r "''°'"
i i i t i i i i i
-i .e.eo
i I I t I I I I I
L _ I .... I .......I ..... [.....I .......L .....L.....I .... L
CRI41
Figure 88. Horizontal Cross Section Through the Upper Leg at z = 42
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Figure 89. Horizontal Cross Section Through the Upper Leg at z = 43
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Figure 90. Horizontal Cross Section Through the Upper Leg at z = 44
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Figure 91. Horizontal Cross Section Through the Upper Leg at z = 45
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Figure 92. Horizontal Cross Section Through the Upper Leg at z = 46
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Figure 93. Horizontal Cross Section Through the Upper Leg at z = 47.1
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Figure 94. Horizontal Cross Section Through the Upper Leg at z = 48
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Figure 95. Horizontal Cross Section Through the Upper Leg at z = 49
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Figure 96. Horizontal Cross Section Through the Upper Leg at z = 50
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Figure 97. Horizontal Cross Section Through the Upper Leg at z = 50.9
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Figure 98. Vertical Cross Section Through the Lower Leg at x = 0.6
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Figure 99. Vertical Cross Section Through the Lower Leg at y = 2
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Figure 100. Horizontal CrossSection Through the Lower Leg at z = 51.1
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Figure 101. Horizontal Cross Section Through the Lower Leg at z = 52
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Figure 102. Horizontal Cross Section Through the Lower Leg at z = 53.1
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Figure 103. Horizontal Cross Section Through the Lower Leg at z = 54
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Figure 104. Horizontal Cross Section Through the Lower Leg at z = 55
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Figure 105. Horizontal Cross Section Through the Lower Leg at z -- 56
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Figure 106. Horizontal Cross Section Through the Lower Leg at z = 57
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Figure 107. Horizontal Cross Section Through the Lower Leg at z = 58
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Figure 108. Horizontal Cross Section Through the Lower Leg at z = 59
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Figure 109. Horizontal Cross Section Through the Lower Leg at z = 60
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Figure 110. Horizontal Cross Section Through the Lower Leg at z = 61.1
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Figure 111. Horizontal Cross Section Through the Lower Le 9 at z = 62
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Figure 112. Horizontal Cross Section Through the Lower Leg at z = 63.1
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Figure 113. Horizontal Cross Section Through the Lower Leg at z = 64
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Figure 114. Horizontal Cross Section Through the Lower Leg at z = 65
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Figure 115. Horizontal Cross Section Through the Lower Leg at z = 66
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Figure 116. Horizontal Cross Section Through the Lower Leg at z = 67
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Figure 117. Horizontal Cross Section Through the Lower Leg at z = 68
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Figure 118. Horizontal Cross Section Through the Lower Leg at z = 69
CR145
legs and at two-inch intervals in arms and hands. Some of the z-sections
are not precisely at one-inch intervals in order to avoid location of the
view on a plane surface used in the model description.
Head
Figures 4-15 indicate the detail incorporated in the head model, including
representation of the jawbone, teeth, nasal passages, eyes, ears, etc. The
model for the joint at the head/neck interface is partially indicated by the
views through the neck "socket" in Figures 4 and 6.
Neck
Views through the neck section are included in Figures 16-21. The ball of
the ball-and-socket'neck joint model is shown in Figures 16 and 17, as is
the plane interface with the upper torso model. The neck section actually
includes some of the upper shoulders as illustrated by Figures 16 and Z1.
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Upper Torso
Figures ZZ-Z8 show that interfaces of the upper torso with the neck and
mid-torso sections are planes, with no joints being modeled at these loca-
tions. These figures also show the manner in which the shoulder joints
were modeled, the interface between the shoulder and arm being the ball and
socket region and a plane slightly inclined from the vertical. The upper
portion of the rib cage is shown to be modeled as a layer of homogenized
bone and bone marrow (i.e., skeleton) between layers of bone. This
"sandwich" is a continuous curved sheet; no material has been removed to
approximate the separation between individual ribs.
Mid-Torso
Cross sections through the mid-torso are given as Figures 29-44. The lower
interface of this body section (with the lower torso) is shown in Figures Z9
and 30 to incorporate a pseudo-joint that permits some flexing of the model
at the waist.
Lower Torso
The lower torso has a number of interfaces with other body parts, as shown
in Figures 45-54. The interface with the mid-torso section is relatively
simple, but the junctions with the upper legs are the most complex of all the
joint models. There are three common plane surfaces between each upper
leg section and the lower torso, in lieu of the single plane surface required
at other joints, because the hip ball-and-socket joint is offset. This model
results in a fairly realistic approximation to body mass distribution in the
vicinity of the hip for any realistic leg position.
Upper Arm
The upper arm section is illustrated in Figures 55-63. The balls of the
ball-and-socket joints at either end of the section are shown in both Fig-
ures 55 and 56. In Figure 55, the ball associated with the elbow joint
appears considerably smaller than in Figure 56 because the plane of the
cross section does not cut through the ball center. The angle between
cross section plane and the axis of the humerus is also responsible for the
apparent discontinuity between the elbow and the humerus. The large
marrow region typical of the long bones of the body is clearly shown in all
views.
9O
Forearm
Cross sections through the forearm, given in Figures 64-72, again show the
marrow regions within both the radius and ulna. These bones are shown
to terminate in a wrist joint, which is represented as a non-spherical ball-
and-socket joint.
Hand
The wrist joint is further illustrated in views of the hand in Figures 73-77.
As shown in Figure 75, the bones of the hand are square in cross section, as
in the original CAM model. However, the bones of the fingers have been
rounded and some marrow included in them.
Upper Leg
The upper leg is depicted in Figures 78-97. As in the views through the
upper arm, shown in Figures 78 and 79, the cross section planes cut
diagonally across the femur itself and of the ball joints. A small offset
{about 0. 25 in. ) in the leg skin line is evident at Z=40. This offset existed
in the original CAIvI model and has not yet been corrected; the leg contour
changes abruptly across the plane, as indicated in Figures 85 and 86 by views
above and below the plane.
Lower Leg
The low<'r leg and foot are shown in Figures 98-118. Below the plane Z = 63,
the geometry is as in the original version, the only changes having been to
debug the geometric data. Above this plane extensive remodeling was done,
especially to improve the knee geometry and to reshape and incorporate
marrow in the long bones; hence, there is a small offset or discontinuity
in the long bones at Z = 63.
3. 2 MATEt%LALS AND MASSES
The material composition for each region is indicated by assigning the index
of a standardized set of materials. While there exist several sets of body
material compositions in the literature, no attempt has been made to
research these data and the compositions that have been assumed are those
in the original CAM report. These compositions are reproduced in Table 4.
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As noted in Section 3. 1, the last digit of the material index defines the
composition, it should be noted that the model is dependent on the assumed
chemical compositions only to the extent that the density specified for each
region is consistent with Table 4; no other material composition data is
built into the model and use of an alternative set of elemental compositions
in radiation transport calculations based on the model should be simple to
implement. A value for the stopping power of the material for 50 MEV
protons, relative to that of aluminum, is also given; these data can be used
to convert true areal density along rays through the CAM model to equivalent
aluminum densities.
Kay tracing calculations have been employed to construct tabular data
defining the masses, areas, etc. of various portions of the model. These
data, presented as Tables 5-7, give the masses and skin areas for each of
the 15 body sections, and the masses of each organ (as distinguished by
the material code).
The data in Table 7 also show the relationship among the spatial distributions
of BFO mass as incorporated in the model and as measured by various
investigators. Using the Ellis BFO mass distribution data as a reference,
it is evident that CAM model generally underestimates BFO mass for all
sites other than the sternum and ribs. Some underestimation would be
expected because all BFO sites are not explicitly modeled. There is also
the possibility that the number of rays used to produce these mass values
was too few for adequate convergence, and that due to the highly irregular
shapes of the sites, the tendency is toward low values. The overestimation
of BFO mass in the sternum and rib sites is due to the rib being mdeled as
a continuous sheet, with no separation between ribs.
The procedure for computing mass and skin area involves tracing N rays
randomly in the 47r solid angle about a specified point, observing the dis-
tances along the path to the entrance and exit points to each region or sub-
section of interest and adding mass or area increments to the running
summation for each geometric piece of interest. Formally, if the ith region
g3
Table 5
VOLUME, MASS AND SKIN AREA OF BODY SECTIONS
Volume Mass
Section cm 3 kg
Skin Area
cm 2
Head 4. I0{3 4.58 I.36(3
Neck 0.93(3 I.05 0.40(3
Upper Torso 4.55(3 4.52 0.83(3
Mid Torso 17.93(3 15.76 2.96(3
Lower Torso I0.49{3 9.74 2.01(3
Right Upper Arm 2.21(3 2.37 0.83(3
Right Forearm 0.83(3 0.94 0.56(3
Right Hand 0.63(3 0.44 0.35(3
Right Upper Leg 8.96(3 9.65 2.19{3
Right Lower Leg 3.16(3 3.50 1.81(3
Left Upper Arm 2.2 1(3 2.37 0.83(3
Left Forearm 0.88{3 0.94 0.56(3
Left Hand 0.36{3 0.44 0.35{3
Left Upper Leg 8.96(3 9.65 2. 19(3
Left Lower Leg 3. 16(3 3.50 1.81{3
Total: 69.14(3 69.45 19.04(3
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Table 7
COMPARISON OF MARROW DISTRIBUTION
IN CAM WITH EXPERIMENTAL DATA
Bone Marrow Mass (Grams)
Site Ellis Ha shimoto CAM'::
Cranium and Mandible 136
Upper Limb GirdIe 84
Sternum and Ribs 105
Cervical Vertebrae 42
Head
Neck
Thoracic Vertebrae 146
Upper Torso
Mid Torso
Lumbar Vertebrae and Sacrum 261
Mid Torso
Lower Torso
Lower Limb Girdle 272
Total Active (Red) (1046)
Upper Limbs
Lower Limbs
Total (Red and Yellow)
53
53
130
23
100
153
252
(764)
62
23
270
19
15
46
146
57
126
126
(890)
186
654
{1730)
*Marrow mass estimated as 30 percent of skeleton mass (Material 8)
plus 100 percent of marrow mass (Material 7).
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is traversed by the ray, the distance to the entrance and exit penetration
being rm and rm+l, respectively
4
AM. = TrPi( 3 3)L 3N rm+l - rm
Also, if this region is an external region such that the outer surface is a
skin location, the area is estimated by
4n 2
AA. -
1 _tN rm+l
where _ is the cosine of the angle between the ray and the normal to the skin
surface.
3. 3 DOSE POINT LOCATIONS
To facilitate use of the CAM model in performing radiation analyses, the
locations of internal dose points in various body organs have been determined.
The coordinates of these points as well as the region identification and
material index, are given in Tables 8-11. These locations have been veri-
fied as to their location within the organ they are stated to represent. Their
use by various investigators should provide consistency of dose results
that may not be evidenced if points were selected independently by each user.
For several body organs of interest in radiobiological studies, point loca-
tions are quite satisfactory because the spatial extent of the organs is
limited. Hence point locations are presented in Table 8 for the lens of eye,
testes, heart, hypothalamus, and thyroid, adrenal and pituitary glands.
Dose point locations in the spatially distributed BFO and gastrointestinal
tract are given in Tables 9 and 10. These locations were selected randomly
by techniques summarized in Section 2.6. However, there is is an order
built into the listing of these points because they were obtained by sampling
from body sections separately, rather than from the whole man. The
relative weights of the points in each body section are approximately the
same, but do differ because the sampling densities (i.e., the number of
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Table 8
DOSE POINT LOCATIONS FOR VARIOUS ORGANS
Coordinates (in.)
Site X Y Z
Right Eye, Lens 3. 404
Right Eye, Retina at Optic Nerve 2. 278
Right Testicle 2.25
Left Testicle 2.25
Heart I. 7 l
Thyroid Gland 2. 125
Pituitary Gland I. 4
Adrenal Glands -0. 8
-0.7
Hypothalamus 0.90
1 245
l 245
0 55
-0. 55
0 14
0 0
0 0
-2 4
2.3
0.0
4 30
4 30
38 25
38 50
17 60
114
3 4
22 9
23.9
4.10
points per unit mass of BFO) differ for each section. The weights to be
associated with each dose point are listed in Table 12 and were obtained by
prorating the fraction of the organ in the section among the several points
used to represent it.
The use of fewer points than are listed to represent any organ would require
adjustment of the dose point weights from the values found in the table. Also,
if a mass distribution for the BFO other than the one modeled, as specified
in Tables 6 and 7, is preferred, the weights can be adjusted accordingly.
Dose point locations for the skin are given in Table 11. These locations were
selected by the technique described in Section Z.6, using the assembled
model, and hence they have uniform weights. Because the rays used to
select these points can penetrate the body several times (e.g., entry and
exit of upper arm, followed by entry and exit of upper torso) the penetration
number is also noted in the table. It is likely that some of these points are
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Table 9 (Page i <f Z)
DOSE POINT LOCATIONS FOR BONE MARROW
X( IN. )
B.02440RE+00
2.420503E+00
-I.116720E+00
2. 680207E +00
1.209 184E+00
-7. 160909E-01
1.174010E-01
-6.617771E-01
-2.R4R661E-Ol
-4.RO5325E-OI
1.325192E-01
-1.439266E+00
-2.872203E+00
-1.925754E+00
1.993821E+00
-7.366612E-01
-1.302073E+00
-2.4292ROE+O0
-1.318100E+00
-I.671411E+00
-1.271770E+00
2.736849E+00
-I.140002E+00
-1.533947E+00
2.263407E+00
-9.916122E-01
-2.701057E+00
-i.065064_+00
-2.601354E-01
-I.463R94E+O0
-1.600678E+00
-1.434756E+00
-I.II1456E+00
-9.097623E-01
-1.798347E+00
-I.065825E+00
-I.168863E+O0
-8.72504RE-02
4.449 36RE-02
-7.451644E-01
4.714665E-01
-7.735195E-01
-3.R72055£-02
-1.266091E+00
-3.053492E+00
9.qI7R92E-OI
-I.OI4684E+O0
-2.SR5730E+O0
-2,443143E+00
1.3900R]E+O0
YITN.) Z(IN.) REGInN I.D.
-8.902859E-01
-8.157519E-01
-1.422792E+00
-1.430791E+00
-I.006380E-02
I.IOR629E-OI
-8.081106E-01
3.247597E+00
-7.102887E-01
-4.7R4578_+00
1.377036E-01
8.516540E-01
-5.221478E-01
1.318068E-02
2.655915E+00
3.812638E+00
2.789686E-01
2.777714E-01
-2.525972E-01
-4.853780E+00
7.795977E-01
3.537505F+00
-4.047064E+00
7.00R566E-OI
4.007944E+00
1.932821E-01
2.549259E-0[
-1.590949E-02
4.364946E+00
B.23B955E-OI
5.751758E-01
-5.457ROIE-02
-4.685074E+00
3.11RI57E-O1
S.510987E-O1
-5.461984E-01
-4.598708E-01
7.562285E+00
7.236762E+00
-7.446651E+00
-7.126461E+00
-2.ROISIgE+O0
5.032853E+00
2.247152E-02
1,447406F+00
4.9RgOISF+O0
-6.431966E-01
-3.10R971E+O0
R.RSRII7E-OI
-4.066142E-01
6.3a0068F+00
6.4995RBF+00
5.513416E+00
2.82R930F+O0
4.087204F+00
1.045724E+01
1.134202E+01
1.404661F+01
1.303650E+01
1.360597E+01
1.236354E+01
1.555344F+01
1.509778E+01
1.413423F+01
1.457758E+01
1.535332E+01
1.271345E+01
2.023321F+01
1.647978E+QI
2.084014E+01
2.403729E+01
1.97033RE+01
2.377156E+01
2.638441E÷OI
1.93RI97E+OI
2.630033E+01
2.266330E+01
2.034666F+01
2.405222E+01
2.291397E+01
2 • 69 1455E+01
1.916538E+01
2.233324E+01
2.600319F+01
I.RI9333E+OI
2.482650E+01
2.429830E+01
2.2530R7E+OI
1.6R8708E+OI
2.609339F+01
1.676128E+01
3.66904]E+01
3.146490E+01
2.961736E+01
3.157397F+01
3.]23776E+0]
2.SR7229F+O]
3.113242F+01
3.139482E+01
3.538740F+OI
NDSKRF34
HDSKBF34
HDSKBF30
HDSKBF]O
NDSKBFB3
NKSBFD06
NKSBFOll
tJTRBFO0]
I)TSBFO05
UTDBFO04
UTSBFOOI
UTSBFOO?
UTRBFO04
tJTSBFOO3
UTRBFO01
UTRBFOO1
UTSSFO03
MTTVERI4
MTTVER01
MTRBFOO9
MTTVER22
MTRBFO02
MTRBFOO9
MTLVER04
MTRBFO01
MTLVER02
MTTVFR24
MTTVFRIB
MTRRFO04
MTTVER22
MTLVER04
MTTVERI?
MTRBFOOq
MTLVFR04
MTTVER04
MTTVFRZ]
MTTVERZI
RIIABFO02
RIJABFO02
LII_BFO03
LUABFOO2
LTPBFOI7
LTPBFOII
LTSRFO0]
LTPBFOI2
LTPBFO07
LTLVFR02
LTPBFnOR
LTSBF[)03
LIPRFO]7
MATFRI_L
S
R
S
R
R
S
S
R
8
R
lq
R
R
R
R
R
e
S
S
S
S
R
8
R
S
£
R
R
8
S
R
lq
R
17
17
17
£
R
R
R
P
S
R
R
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DOSE
Xl IN. )
-9.624029 E-01
-2. I04693E+00
-3.454 303E+00
-I .071803E+00
-3. 308095E+00
-3.002394E-01
-5.458063E-01
9. 282897E-02
-6,832250E-01
-4.938237E-01
1.7 15605E-01
2.080082E+00
-3.031141E-OI
I. 191579E+00
-1.291701E-01
l .414047E+00
R.971446E-01
2.058036E+00
I.g78723E+O0
1.00_781E+00
1.522752E+00
1. 806B7RE+O0
1.g21014E+O0
7. 589582E-01
I. 183214E+00
7. 007707E-01
7.508380E-01
I. 134111E+O0
1.272357E+00
-2. _25002E-01
9.276321E-01
1.409988E+00
2.241613E+00
1.215275E+00
I. 146394E+00
8.953639E-01
2.917729E+00
2.g75603E-OI
7.034715E-01
4.93 5504E+00
2. 16308 IE+O0
7.489896E-01
-8.241917E-02
8.155524E-01
i. 067808E+00
I. 415350E+O0
5. 796 197 E÷O0
3. 714954E-01
I. 228899E+00
2.215343E-01
3.417 186E-01
1. I09300E +00
I.I08013E+00
-6.350676E-02
Table 9 (Page 2 of Z)
POINT LOCATIONS FOR BONE MARROW
Y( IN. ) ZI IN.) REGIf]N I .D.
-3.9748 I&E-02
6.673627F-0 1
-2. 601852E-01
2.740581F+00
-3.380643E-01
1,516318E-01
7. 1908c)8 E+00
8.055300E+00
-6.986903E+00
-7.156764E+00
7.99 7020E+00
7 o509076F+00
-8. 598113E+O0
-8,255145E+00
4.49 5308E+00
3.713350E+00
1.423087[:+00
3.559454E+00
2. 007118E+O0
2 .A44067E+O0
3. 3558 IOE+O0
2,43A531E+O0
2.982686E+00
5.445607E+00
-3. 666225E+00
-5.2 19862E+00
-4. 742816E+O0
-2.342105E +00
-3.852015E+00
-3.913400E+00
-3. 353499 E+O0
-3.9397 33E+00
-1.929034E+00
-3.885341 E+O0
2. 220677E+00
2.052818E+00
3. 009232E÷00
2.76362 lE+O0
I. 784971E+O0
I .011535E+00
I. 132579 E+O0
3.449235E+00
I. 750283E+00
2,192427E+00
-2. l&9 389 E+O0
-2.268528E+00
-[. 255656E+00
-1.771087E+00
-l. 841940E+00
-I .970502E+00
-2° 647585E+O0
-2.140038E+00
-2. 267890E+00
-2.606817E+O0
2.897189F+0]
3.090373F+01
3.241035E+01
3.543757F+01
3.229979F+01
3.023119F+01
2.669745E+01
3.013457E+01
2.6510&bE+Of
2.R12107F+01
3.602680F+01
4.045430F+01
3.908587E+01
4. ]99_60F+01
3.392374E+01
4.464421F+01
5.072317E+01
4.984537F+01
4.930649E+01
4.809235E+01
4.831639F+01
5.231216F+01
4.936166E+01
3.A21773E+OI
4.521944E+01
3. 8463&SE+Ol
3.9 70318E+01
5. 0209 R7F+OI
5.049163E+01
3 °487509 F+Ol
4.868040E+01
4.938171E+01
5.014139E+01
5. 110320F+01
5.327471E+01
6.69 76 fOE+01
6.79 5354F+01
6.39 2002E+01
6.242232E+01
6. 792136_+01
6.732966E+01
5.447015E+01
6_679622E+01
6.669130F+01
6.601659E+01
5.38"129 5F_+01
6. 802044E+01
6. 4899 05F+Ol
5.276376E+01
6.494460F+0I
6,449111E+01
5.319622F+01
5.499523E+01
6.726758F+01
LTLVER02
LTSBFOO]
LTSBFOOB
LIPBFOI6
LTSBFO0?
LTSBF(I02
RFABFO02
RFABFDOI
LFABFD02
LFABFO03
RHNBF001
RHNBFO02
LHNBN401
LHNBFO03
RIJLBFOO}
RIJLBFO02
RIJLBFO03
RIILBFO04
RULBFO04
R IILBFI'I04
RULBFO0&
RIJLBFOO3
RIILBFO04
RilLBNE02
LIJLBFn02
LIILBFf302
LULBFO02
LIJLBFOO3
LtJLBFO03
LULBFO01
LI_LP, FO04
LI_LBFOOa
Lt_LBFOO3
LULBFO03
RLLBFOOI
R LLBNE09
RLLBNE06
RLLRNEII
RLLBFO03
RLLBNE04
RLLBNE05
RLLBFO02
RLLBNFIO
RLLBNEIO
LLLBNF14
LLLBFO01
LLLBNE04
LLLBNE]4
LLLBFO01
LLLBNFI4
LLLBNF13
LLLBFOO]
LLLBFO03
LLLBNE07
MATFR 1 _L
R
R
R
R
17
17
17
17
IR
1R
19
IR
17
18
19
In
IS
IS
17
17
17
IR
IR
18
19
IR
IR
18
IS
17
iS
17
18
IR
19
18
IP
19
17
IR
IO0
DOSE POINT
X( IN. )
9.5816195-01
1. 4397345+00
4.3739225-01
6.4340345-01
2. 504811E-OI
2.0974105+00
i .423706[-+00
2.7307785+00
1.270096[-+00
-9.14&5335-01
3. 123350[-+00
I .410f1455+00
-3. I17554_-01
-2, 159142[::+00
2. 7638585+00
8.196615[--01
2.367965b+00
1.141285[-+00
-I .6433055+00
1 .4451205+00
-I .6043035-01
8. 6943575-01
-2.8529995+00
-8.163661E-01
9.695941E-01
I .403619[-+00
-9.315183[--01
5. 7466591_-01
1.8963895+00
-5.325139[--01
-2.014527[-+00
-1.174317E-01
2.4185_35+00
I. 4714275 +00
-I, 099935 E+O0
-9. 191052[--01
-2,1 ]25 38 E-Of
-9.6343195-01
1.7108955+00
-I. 7830675+00
4.8130425-01
I. 0069295+00
2.0565435+00
1.1869_35+00
-2.5354985+00
8. 885830E-02
4.652748[--01
I .2409365+00
-4.532566_-02
6,4847455-0]
LOCATIONS
Y(IN.)
-I._585725+00
-6.0526015-01
-4.352442E+00
4.038131E+00
3.9472685+00
-3.5609105+00
-4.599391[--01
3.1670365+00
-1.6049145+00
-2.429928_+00
-5._400755-01
-1.486728F+00
-4.2849215+00
-I.316284_+00
1.9492125+00
-3.2136595+00
2.]081635+00
-1.5657475+00
2.0255755+00
-1.299999[-+00
8.6416265-01
-2.26_1655+00
-1.612655E+00
-1.433093[-+00
-9.519058E-01
-8.461893E-01
4.266001E+00
-4.0805555-01
3.0390675+00
4.460605E+00
-1.9060685+00
-3.4513865-01
4.7953635-01
3.7904465+00
-2.4096815+00
3.3826785+00
-3.2252145+00
-4.1077935+00
2.0R6650E+00
3.2676685+00
3.9411195+00
2.4964165+00
2.356713E+00
3.7436805+00
2.7488065+00
-2.7348485+00
5.0049245+00
5.0392255+00
-5.011105E+00
-4,6179485+00
Table I0
FOR GASTROINTESTINAL TRACT
Z(IN.) REGInN I.D. MATERI_L
2.786689F+01 MTINTSIO 4
2.727675F+01 MTINTSO8 4
2.607019F+01 MTINTS]O 4
2.785538F+01 MTINTS]4 4
2.677846F+01 MTINTSI4 4
2.897975[-+01 MTINISOR 4
2.896835F+01 MTINTSO8 4
2.868953F+01 MTINTSOR 4
2.660926F+01 MT[NTSI0 4
2.73993R[-+01 MTINTSIO 4
2.755799F+01 MT|NTS08 4
2.886928F+01 MTINTSO8 4
2.766688F+01 MTI_TSIO 4
2.5682415+01 MTINTSIO 4
2.830436E+01 MTINTSO_ 4
2.619737E+01 MTINTSlO 4
2.689941[-+01 MTINTSOR 4
2.6722665+01 MTINTSIO 4
2.815118[-+01 MTINTSI4 4
2.669418_+01 MTINTSOR 4
3.1131295+01 LTINTS01 4
3.2027085+01 LTINTS07 4
3.3775175+0] LTINTSI9 4
2.9400315+01 LTINIS05 4
3.1751625+01 LTINTS07 4
3.294888F+01 L_INTS23 4
3.036405F+01 LTINTS02 4
2.936882E+01 LTINIS04 4
2°9443405+01 LTINTS02 4
3.1051855+01 LTINTSO2 4
2°936691F+01 LTINTS05 4
3.1792965+01 LTINTS07 4
3.0349055+01 LTINTSOI 4
3.120715F+01 LTINTS02 4
3.0840045+01 LTINTS05 4
3.1412715+01 LTINTS07 4
3.1274095+01 LTINTS05 4
3.001239F+01 LTINTS05 4
3.1370955+01 LTINTS07 4
3.060002_+01 LTINTS02 4
3.2576545+01 LTINTS07 4
3.269429 _+01 LTINTSI4 4
2.9517175+01 LTINTS02 4
3.I ]09OIF+OI LTINTS02 4
3.292863_+01 LTINTSI? 4
3.226088F+01 LTINTS07 4
B.3614475+01 RIILINTOI 4
3.355702F+01 RIJLINTO] 4
3.384288F+01 LtlLINTOI 4
3.356672E+0] LtlLINTO] 4
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Table Ii (Page t of Z)
DOSE POINT LOCATIONS FOR SKIN
X(IN.)
4.0155 12E+O0
1.03 1558E+00
8. I00324E-01
-3.359614E-01
8.546500E-02
1 °49523 IE+O0
2.658573E÷00
-2. 234937E+00
-3.393465 E+O0
4.944212E+00
-3. 750290E-0 I
i .298428E+00
I. 750552E+O0
3,441656E+00
-3.4R300IE+O0
2.036123E+00
3.21692RE+O0
2. RgOTO6E +00
2.860639E+00
6.7RO295E-OI
-I.431R44E+O0
-i. 162872E +00
-I. 000266E+00
-6.048090E-03
3.99 1374E+00
-i .610105E+00
-i. 146098E+00
2.948790E-01
-I.IOI295E+O0
I.RIbI27E+O0
3 •237 156 E+O0
-2. 563019E +00
-I.R36630E+O0
4.515731E+00
-3.143760E+00
4.672535E+00
3. 076 i 15 E+O0
9. 570842E-OI
-1.525537E-01
-2.713793E+00
-3. 7279Q5 E+O0
-3.258062E+00
-I. 3560R5 E+O0
2.95072RE+00
-4. 315 193E+00
I .939273E +00
7. 2544gOE+O0
6. 709624E+00
Y(IN.) Z(IN.} REGION I.D.
-3.075529E+00
5.294690E+00
5.923175E+00
9.134174E+00
-1.213R42E+O0
-1.722420E+00
7.962704E-01
2.347637E+00
-1.050996E+00
1.960413E+00
4.136752E+00
5.1_5550E-01
-4.707201E-01
-4.134371E+00
1.021665E+00
2.450547E+00
-3.762820E+00
-3.9RB4R7E+O0
-3.999920E+00
-5.44903RE+00
3.157117E+00
3.106407E+00
3.071102E+00
2.8750agE+O0
6, 37999 5E-02
2.6 89886E +00
-8.260465E+00
-8.R70_O5F+O0
4.860167E+00
6.797241E-01
4.499R71E+O0
5.584225E+O0
-5.220470E+00
6.465118E-01
2.528351E-0l
-9.874179F-01
-1.512072E+00
-2.611573E-01
4.020379E-01
1.913710E+00
-4.203R55E-02
5.51912RE+00
8.67667RE-0I
2.130207E+00
2.757240E+00
4.815379E+00
3.034990E+00
3.957906E+00
1.746950E+01
1.976820F+O1
1.993794E+01
2.082146E÷01
6.365305E+01
6.320164E+01
4.519861E+OI
5.66RI44E+OI
2.515895E+01
2.150266E+01
5.436131E+01
5.041577F+01
4.934777E+01
4.535712E+01
5.R60470E+OO
2.64055_E+00
3.453937F+01
3.400394E+01
3.395767E+01
3.OBROO2E+OI
6.718742E+OI
6.754606F+01
6.776457E+01
6.909606F+OI
7.998151E+00
5.17360RF+00
3.41041RE+01
3.554344E+01
5.071554E+0]
5.0£44R6E+Ol
2.1]ORg4E+O]
2.057110F+01
2,49 |496E+01
3.13239 7E+O 1
2 • 49 R432 E+O I
2.340077E+01
4.714347E+01
4.6RI550E+OI
4.664391E+01
4.624757E+01
2.2071RgE+01
1.799317F+01
5.4RRR95F+OI
5.099147E+01
3.070581E+01
3.007521F+01
6.7R2725F+OI
6.RR7RO7E+OI
MTMUSC I I
MTM[ISC25
RIJAMIISI 7
R[IAMIJSI3
LLLMUSSI
LLLMtIS53
RULMIJS71
RLI_MIIS] 3
MTMUSC66
MTMI!SC27
RLLMqJS13
RIJLMIJS44
LIJI_ MILS46
L_II Mt_S7]
HDMUS 104
I-IDMItSC04
LTMIJSC63
LIMIISC6?
LTMUSC26
LTMUSC]2
RLLMUS61
RLLMtlS62
RLLMUS20
RLLMUS22
HDMUS23&
HDMIISC31
LFAMIISOR
LFAMUSO£
RIILMIJS49
R IILMI, IS44
MTMlJSC25
MTMUSC36
MTMUSC65
LTMt}SC21
MTMtJSC67
MTmtISC40
LtJLMUS53
LULMtIS3_
RIILM[IS3£
RtJLMtIS3R
MTRIgSIR
MTMHSC14
RLI MtlSI3
RUL_US43
LTMUSCIO
LTM[ISC20
RLLMIIS45
R LI_MI, IS4_
PENETRATION
1
2
3
4
l
2
]
2
l
2
1
2
3
4
i
2
l
2
3
4
1
2
3
4
i
2
l
2
1
2
I
2
i
2
l
2
I
2
3
4
l
2
l
2
1
2
l
2
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Table [i (Page 2 (f Z)
DOSE POINT LOCATIONS FOR SKIN
X(IN.) Y(IN.) Z( IN. )
4. 455067E +00
3 •052677 f:+00
2. ] r4327_F+O0
I. 279075f!+00
- 1. ARz+94_E+00
-1. 768919 E-+O(t
-2.213n44E+O0
-3._RO04BE+O0
-3.759373E+00
3.772310E-01
7. _3447E-01
1.651340E+00
-3.1513 aRE+O0
-3 • 04 033e, E+O0
-2. £ 66024E +00
-2.723657E+00
7.317952E +00
5.532503E+00
-2.707944E+00
2.769043_+00
-2.291686E +00
-1.624_31E+00
-I .0£0222E+00
-4. 164354E-01
4.321942E+00
4.434345 E+O0
9. £50R35E-01
-2. 200815 E+O0
-4. 5721_05E+00
3 ._96356E+00
4.0979R7E+O0
-2. IROR96E+O0
-I.120936E+00
--9.9456175--01
2 .9917£3E+00
-3 • 236970_+00
-i .2£2019E+00
I.R83565E+00
-2.3651S6E-OI
-3.509277E-01
-3. 670_80E-01
-e .707480E-01
2.835283E+00
3. 17946RE+O0
-2. 50033 RE+O0
3.7£9042E+00
3. 4903 62E +00
2.411415E+00
2.021048E+00
-4. 942 364E-01
-4. 795596_+()0
2.229495E+00
-7.910744E-01
-4.38611RF+00
-6.621165F+00
-8.934655F+00
R.239S92E+O0
7.282013E+00
5.7_R419F+O0
S.34R200E-OI
2.268524E+00
-5.508_09F+00
-6.253575g+00
-7.911145E+00
-4.39237_E+00
-1.994326E+00
1.7_I12£E+00
4.855746F+00
-7.538772F-01
-1.430001E+00
-I.4%S?75E+O0
1.36RII5E+O0
4.3R]q29E+O0
I. 340054_+00
-I.15SB20E+O0
-4.192199E+00
-2.995009E+00
-2.64RR60E+O0
-6.R63194E-OI
-2.478002E+00
-4.402696F+00
3.933005E+00
2.263271E+00
4.790759E+00
2.RIR990E+O0
1.58373RE+00
-3.690312F+00
-2.210307E+00
7.595540E+00
7.343836E+00
9.152799F+00
5.9303R8E+00
5.4_4_73E+00
-_.750549E+00
-5.1_3433E+00
-1.556507E+00
5.223359F+00
1.334124E+00
3.151457E+00
5.8R5643E-OI
-3.470332E-01
-6. 319082E+00
-6.176121F-0]
-4. g53264E+O0
1.7295RRF+P1
1.901117F+01
] .969535F+G]
1.599560F+01
1.6_7735F+01
I.R24371F+01
2.279265F+01
1.54R242F+01
2.403204F+01
2.4_4209E+01
2.667024E+01
4.299440F+01
4.314725F+01
4.3386R6_+01
4.358229F+01
6.R00124F+01
6.900129F+0|
1.485R22F+O0
1.674200E+00
4.TQB92RF+01
5.043296F+01
5.247397F+01
5.496164_+0[
6.707759F+01
6.692188F+01
5.577920F+01
5.576838F+01
3.327039F+01
2.145170g+01
3.241070F+01
2.759803F+01
6.R345R9F+01
6.857735F+01
5.055511F+Ot
4.200746E+01
2.9750RRF+O1
2.9£9205F+01
2.204502F+01
2.096615F+01
2.0_2029E+01
1.606355F+01
4.612720F+01
4.5£4323F+01
3.037310E+01
3.50S229E+O1
4.65594RF+01
4. 52039 3E+O i
4.471326F+01
4.155399F+01
%.293534F+01
B.BO5604E+OI
RFgINN I.D. PFNF
MTWl_SCll 1
MTMII5,C 11 2
I IIAMttSlq 3
l IlkmltS17 4
RII_MtlSI 1 1
RllAMIIS12 2
MTMI!5C]4 3
MTMIISC49 4
ItTMI]SC54 1
MTMIJS[44 2
LltAMItS 1 r4 3
LF_MIISQ4 a
LI_LMUS3,_ l
LIII_ MIlS g;q 2
RIILMIIS3R "_
RII[ MII5"_R z.
I_LLMI!532 l
LLLMIIS26 2
MDMIISCCI_ 1
HDMIISCO4 2
RIILMLISB6 1
RII[MIIS4q I 2
LLLMI_SI2 3
LLLMI, IS13 z,.
LLLMtlS60 1
LLLMIISS3 2
LLLMItSI? 1
LLLM[ISI-_ 2
LIILMIISf',? l
MTMtJSC27 2
LTMIISC21 1
MTMt;SCT3 2
RLLMIIS20 I
RLLMIISIR 2
LI_LMIJS4? I
LIILMIJS3R 2
RFAM/ISO7 1
t_FAMIISO9 2
RIIAMI, IS 13 i
RtlAMIIS13 2
MTMUSC25 3
LIIAMIlSI3 4
LIILMUS71 I
LULMIJS71 2
LTmUSCIO I
LTMIJSC57 2
RIILMtlS71 ]
RIILMIJS71 2
LIILMIJS71 3
LIILMItS3£ 4
L TMUSC31 l
I _!LMttS02 2
TR A T ! [q_
103
Table 12
DOSE POINT WEIGHTS FOR DISTRIBUTED ORGANS
a)
b)
c)
Body Section
Total Marrow
Head
Neck
Upper Torso
Mid Torso
Lower Torso
Right Upper Arm
Left Upper Arm
Right Forearm
Left Forearm
Right Hand
Left Hand
Right Upper Leg
Left Upper Leg
Right Lower Leg
Left Lower Leg
Active Marrow
Head
Neck
Upper Torso
Mid Torso
Lower Torso
Gas trointe stinal
Tract
Mid Torso
Lower Torso
Right Upper Leg;: _
Left Upper Leg;:'-
Mass in Section
G
81
15
168
374
252
23
23
34
34
36
36
208
208
I19
119
1730
81
15
168
374
252
89O
1240
1630
77
77
3024
Percent
4.68
0.87
9.71
21.62
14.57
1.33
1.33
i. 97
I. 97
2.08
2.08
12. 02
12.02
6.88
6.88
9.10
1.69
18.88
42.02
28.31
41.00
53.90
2.55
2.55
Dose Points
Per Section
5
2
I0
20
15
2
2
2
2
2
2
I0
I0
i0
i0
104
5
2
i0
20
15
52
20
26
2
2
5O
Dose Point
Weight
0 0094
0 0044
0 0097
0 0108
0 0097
0 0067
0.0067
0.0099
0.0099
0.0104
0. 0104
O. 0120
0. 0120
O. O069
0.0069
0.0182
O.OO85
0.0189
0.0210
0.0189
0.0205
0.0207
0.0128
0.0128
;:-The leg/torso interface was simplified by including a portion of the
intestine in the upper leg model.
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substantially more shadowed by the extremities of the body than others and
would consequently receive less dose; e.g., as from electrons in EVA.
These can be recognized as the dose points associated with all skin penetra-
tions other than the first and last in the list of dose points determined from
!a single ray.
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Section 4
CAMERA PROGRAM DESCRIPTION
The CAMERA program was created to facilitate production use of the CAM
model. CAMERA was largely adapted from the MDAC GETRAN program
which evolved during activities to convert, evaluate, refine and test the CAM
data. GETRAN itself included capabilities from a number of programs:
QUAD geometry system as used in various MDAC programs; plot routines
for use with QUAD from SIGMA; MEVDP geometry system; random ray
selection scheme from SIGMA; systematic ray selection scheme from
MEVDP; and data update procedures from another source.
Many of these capabilities plus a number of new procedures developed espe-
cially for GETRAN are included in the CAMERA program. Some capabilities
contained in GETRAN have been deleted to reduce the CAMERA program
size. Most of these deletions involved operations that were of value in con-
verting the CAM model to the QUAD geometry system but that are not
required to utilize it in its present form. Other capabilities are not yet fully
operational in the preliminary version of CAMERA described in the following
paragraphs.
4. 1 CAPABILITIES
The CAMERA program provides a variety of capabilities which are identified
as "tasks" in input data preparations. Such tasks generally involve reading
and modifying the CAM geometric data; performing error tests on the data;
tracing rays through the geometric system; placing ray tracing results on
a plot file for plotting cross sections through the system; placing ray tracing
results on magnetic tape for subsequent use; collapsing ray data to true areal
density and equivalent aluminum density forms. Specific tasks are listed in
Table A-1 of the Appendix, where input preparation procedures for CAMERA
are identified.
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One provision of interest to some users is the ability to work with only a
portion of the model instead of the full geometry. This provides a means of
reducing computer core storage requirements from the some 260, 000 actual
locations required for the overlaid program and data on the CDC 6500 com-
puter. For example, the program plus all data for a body section (e.g. ,
head) can be loaded into approximately 124,000 octal locations for operation
on a Univac 1108 computer. Quantitative data describing the CAM model in
this section form are given in Table 13. These body sections are listed in
the same order in which they would appear on the data tape. Some caution
must be exercised in use of these data as they may change with updates to
the geometrical representation.
These capabilities provide a flexible means of using the CAM model in
specific radiobiological studies that may be initiated. Input data preparation
is relatively simple and a variety of output data forms are available, so
use of the CAM/CAMERA package should be straightforward for most
potential users.
4. 2 INPUT PREPARATION
The procedures for preparing input data for the CAMERA program and the
input and output for a sample problem are presented in the Appendix.
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Table 13
GEOMETRICAL QUANTITIES FOR BODY SECTIONS
Section Number
and Identification
Regions Surfaces Total
(NRM) (NSM) Cards
Range of
Z -Coordinate (in.)
1 Head 701 326 1605
2 Neck 204 95 427
3 Upper Torso 219 114 487
4 Mid Torso 287 156 702
5 Right Upper Arm 45 44 138
6 Left Upper Arm 45 44 138
7 Lower Torso 269 180 685
8 Right Forearm 67 45 178
9 Left Forearm 67 45 178
I0 Right Hand 70 50 181
II Left Hand 70 50 181
12 Right Upper Leg 90 96 299
13 /.,eft Upper Leg 90 96 299
14 Right Upper Leg 188 156 477
15 Left Upper Leg 188 156 477
Totals 2600 1653 6452
0.0 - 9.0
8.0 - 12.0
12.0 - 15.7
15.7 - 29.0
12.0 - 26.0
12.0 - 26.0
29.0 - 37.3
26.O - 36.2
26 0 - 36.2
36 2 - 48.8
36 2 - 48.8
33 0 - 51.0
33.0 - 51.0
51 0 - 69.1
51.0 - 69.1
0-69.1
Assembled Cam 2436 1095 5492 0-69.1
I09

Section 5
RESULTS AND RECOMMENDATIONS
The CAM model and CAMERA program developed in this study provide a
comprehensive capability to determine the amount and type of materials
encountered by radiations as they penetrate the body. The CAM model pro-
vides a description of the geometry and material composition of the human
anatomy that is vastly more detailed and accurate than any previous models.
The CAMERA program provides a means of tracing paths or "rays _'through
the geometrical model in a convenient and efficient manner, and of presenting
ray-tracking results in forms compatible with a variety of radiation trans-
port computer codes that may be applied subsequently.
The CAM model is not only the most representative computerized geometrical
model of the human anatomy yet developed, but also has been extensively
reviewed and tested to ensure that it will operate reliably in analytical studies
in which it may be applied. The successful completion of several analytical
tests for errors in the data and the careful inspection of numerous computer-
drawn cross sections through the model have served as a verification of the
model. Consequently, it is felt that, in its present state, the model can be used
confidently in a variety of radiation transport studies in which the external
conformation and internal anatomy of the body can materially affect results.
Additional verification by experimental means is of course desirable and should
be accomplished to the extent that meaningful experiments can be identified.
The development of the CAMERA program, through which the CAM model can
be effectively applied, is also a significant achievement. This program already
incorporates a number of capabilities that facilitate use of the model in
radiation analysis situations commonly encountered in space radiation dose
estimation and dosimetry evaluation.
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5. I RECOMMENDATIONS FOR EXTENDING PRESENT CAPABILITY
Several areas are recognized in which the present CAM-data/CAMERA-
program combination should be extended. These include the following:
• Experimental verification, probably by comparing analytical
estimates of critical organ dose with measurements within a
phantom exposed to external radiation sources.
• Completion of the posture-change capability which was initiated
with the introduction of models of major body joints.
• Addition of a physique scaling capability to adjust the model to
represent conformations other than the 50-percentile USAF man
on which it is based.
• Remodeling the anatomy in body regions that are not presently as
realistic as desired; i.e., inclusion of bone marrow in small bones
in the head; adjusting bone marrow distribution to match a desired
distribution such as that of Ellis (Reference 21); incorporation of
the changes listed in Table I that were not implemented.
5.2 RECOMMENDATIONS FOR APPLYING PRESENT CAPABILITY
Several analyses that were performed with earlier versions of the CAM
model should be repeated with the final version; other analyses not previously
attempted also should be performed. These include the following:
• Generation of general-purpose data describing the distribution of
body mass (i.e., body-shielding data) about radiation-sensitive
body organs such as the bone marrow system, the gastrointestinal
tract, the skin, the lens of the eye, and various glands. (Pre-
liminary data was determined as reported in Reference 23. )
• Generation of parametric data on body self-shielding for skin points
for a range of equivalent aluminum thicknesses characteristic of
space suit dimensions, such that the shielding effectiveness of
various suit designs can be readily evaluated.
• Comparison of averaged critical organ doses obtained with the CAM
model with similar data from simpler models such as the 5-cm-
depth model and various spherical models as reported in References 3
and 5 ).
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Determination of distribution effectiveness factors for significantly
nonuniform irradiation of spatially distributed organs (as reported
for the bone marrow system in Reference 6).
Quantitative comparisons of critical organ doses obtained with the
CAM model with responses of dosimetry hardware as used for
Skylab.
Exploration of potential uses for the CAM model in medical areas,
i.e., radiotherapy and radiography.
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Appendix
CAMERA PROGRAM UTIL, IZATION
A. 1 INPUT PREPARATION
Efficient use of computer data storage is achieved by the use of a dynamic
dimensioning technique. The first card of a data deck t_ust be a DIMENSION
card, specifying the maximum quantity of several types of geometric data to
be used during that job. This data is used by CAMERA to allocate storage
for the data.
Input data decks for CAN IERA are organized according to the sequence of
tasks to be performed. Each task is initiated by a TASK CONTROL card
specifying the task to be performed, the number of times to perform it, and
control data relating thereto. Each TASK CONTROl, card is immediately
followed by IPL sets of the data cards required by the specified task as
identified in Table A-1. Some tasks n_ay rely on data prepared in and
retained from previous tasks, so the task order may be significant.
DIMENSION Card
Column Symbol Format Definition
1 -5 MRMAX 15
6 - 10 MSMAX I5
l 1-15 MAMAX 15
16-Z0 MBMAX I5
21 -25 MSTNIAX I5
26-30 NRBMAX 15
Maximum number of regions
Maximum number of surfaces
Average number of quadratic
coefficients per surface. (Set to
5if <0.)
Average number of boundaries
per region. (Set to 7 if - 0).
h/Iaximum number of regions
which can be crossed by a single
ray. {Set to 120 if <_ 0).
Average number of words used
for the list of regions bounded by
a surface. The list is packed two
entries per word. (Set to 8 of
_- 0).
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Table A- 1
CAMERA TASK LIST
Ta s k
Input Tape Units Used
Task Internal Data
Na _lqe Code Required l{ead Write
Read quadratic surface and region b:eomelry data
Terminate execu!ion
lI{andomly sample points in specified organ
I?di_ ray I t'ace data on Tape 2 to produce BCD v('rsion
on l'ape 3
Edit ip.puI geomei ry file 1o incorporate c}_antlcs.
+l_.ead _aeometry data in MEVI)P formal.
Create quadratic surface equations and regions
tPlot all re,ion boundaries from ray trace da_a, usinbL
surface index as _he ph)! charact(.r_ in ('aeh of the
% coordinate planes
"_Li_,e PLGSTI_3, except all surfaces are plotled
i'Li],e PLOTI_3, except plotling is done by MEVDP ray
trace routines. Must have MEVI)P geometry data
i npuf
fPlot bo!h PLOTS; and PLOTM3
Plol all I_oundaries in plo_ plane using :: as plot
character
Plot all material lorgml) boundaries in plot plane,
t.t s in_2
Li_<c I)LOTt; , except use surface index as plot
character
lake PLOTM , except use surface index as plot
rha racte r.
Trace rays randon/ly about dose poinl. Calculate
\vei_ht and skin area of system. Write c_)mplete ray
trace data on Tape 2. Calculate mass distribution
usin_ A1. equivalent thic'_ness
Like TtLACEIZ, except mass distribmion is areal
density.
Like TILACEIL, except rays selected systematically.
Lil<e 'FFLACAtL, except rays selected systematically.
"tScan /or geon'letry errors, Iracin R a few rays randomly
from _'ach region. Calculate volume and weight of each
region and total
"{Kandonqly select poinIs in skin (0.0I cm deep)
Edit ray trace dala 1o produce MEVDP formal dala.
Edit ray trace data to produce ray lotal dala sun,mary.
Complete listing of ray trace data
R.GEOM 1-1 E ITZ 8, Punch /7)
SFOP 24 NONE
ORGPT Zl tt b t_nch (7}
EDITBC 2d NONE 2 3
U PDATE lt_ A M 3 M4,
Punch (7)
[<MEVDP lq NONE IT2 Punch (7)
[)LOTB3 1 [' 8 Plot, 4 A
PLOTS _ g I?, 8 Plot, 4 `5
PLOTM3 3 I3 8 Plot, 4 A
PLOTSM ,i 13 8 Plot, 4'*'
PLOT13 5 C 8 Plot, 4 &
PLO [ ?'d 6 C 8 Plot, 4 &
PLOTB 7 C 8 Plot, 4 &
PLOTM 8 C 8 Plot, 4""
TR.ACER. i0 D 8 2, Punch (7)
TR_ACAR 9 D 8 2, Punch (7)
TRACES 12 D 8 2, Punch (7)
TRACAS I1 D 8 2, Punch {7)
SCAN 13 t" 8 Punch i7)
SKINPT 20 G 8 Punch (7)
EDITM 17 NONE 2 3
EDITS 18 NONE 2 3
DUMPRT 19 NONE g -
"_Not presently a_ailable O_her than Units q {input) and (, (output} `sNo! presently implemented
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TASK CONTROL Card
Column Symbol Format
1-6 NTASK A6
Definition
Task name
7 IX Blank
8 - 1 0 IPL I3 Number of times to perform task
on geometry system presently
available, reading separate task
data cards
1 1 - 15 KPRN I5 Print control
> 0 minimum printout
= 0 normal printout
- I add geometry
boundary maps
2 add plot ray trace
data
Affect
RGEOM
Task
only
16-20 IP2 15 Punch control
> 0 punch
21 -25 KPRE I5 Suppress ray trace error
messages if >0
26-28 3X Not used
29-40 NMB _IZ
41-70 ISPACE(i), 615
i=1,6
Initial random number if task
involves random sampling.
Default value = 123456710 for first
task; otherwise the final random
number utilized in prior task.
Reserved for future use
DATA SET A (Update input geometry data file)
C olum n Symbol F o rm at Definition
Card A- 1 :
1-3 M3 13 File from which data is to be
edited. Rewind if > 0
4-6 M4 I3 File onto which the final data is
to be written. Rewind if > 0
7 - 12 KARDS I6 Number of cards, required if
NOPY > 0.
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Column Symbol Format
13-15 N_bPY 13
Card A-2:
Definition
<_0: No operation
i: Copy KARDS cards from
file M3 to file M4
_ 2: Skip KARDS cards on both
M3 and M4
l -3 M3 I3 File from which to edit (Rewind
if > 0)
4-6 M4 I3 File to write final data (Rewind
if >0)
7-9 LIST I3 Print listing if > 0. End editing
and return if _ 0
Place the following editing instructions after Card A-2:
1. CCbPY n i, m i (begin in Col 1). Cards sequenced n i through m i are
copied to the final file. After the copy card there may be some
corrected data cards to be inserted after card m i. If cards are
being deleted, ni+ 1 >m i. Use as many copy cards as needed to
complete all editing needed, keeping hi+ 1 >_ m i.
Z. ST(_P (begin in Col 1). Placed after the last edit directive. A new
card A-2 is then expected, on which LIST < 0 will return control to
CAMERA for the next task. The values on this Card A-Z should be
related to the values on the initial Card 2 as follows: M3 = M3,
M4 = -M4, LIST = -1. This will cause an EOF to be written on M4
and both M3 and M4 to be rewound before control is returned to
CAMERA.
DATA SET B (Plot on 3 coordinate planes)
Column Symbol Format Definition
1-15 X 3F5.2 Coordinates of center point (in)
16-35 Blank
36-40 RMAX F5.2
41 -70 CAX 5A6
Length of plot semi-axis (in)
Plot title
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DATA SET C (Plot on single plane)
Column Symbol Format
1-15 X 3F5.2
16-35 PIN 4F5.2
36-40 RMAX F5.2
41 -70 CAX 5A6
DATA SET D (Trace Rays)
Column Symbol Format
1-15 X 3F5.2
16-25 TN 2F5.2
TX
26-30 EPSL F5.2
31 -35 NRAY I5
36 -40
41 -70 CAX 5A6
DATA SET E (Read geometry data)
Card E-I:
Column
i-5
Symbol Format
IT2 I5
6-10 KSKIP I5
ll-15 KOLECT I5
Definition
Coordinates of center point (in)
Coefficient A 0, A1, A2, A 3 of
plot plane
Length of plot semi-axis (in)
Plot title
Definition
Coordinates of dose point (in)
Minimum and maximum areal
densit_ for mass distribution
(g/cm_): Default values are 0. l
and I00.0, respectively.
Convergence criterion for weight
(default = . 05)
Number of rays to be traced. An
approximate value for systematic
selection: number of rays per
group, for ten groups, if ran-
domly selected. Default = 100
Not used
Title
Definition
Tape number from which to read
geometry data. Rewind before
reading if > 0.
Number of card images to skip
before reading geometry
Number of geometry systems to
combine into one final system
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Column Symbol Format Definition
16-20 KRGB 15
21 -25 KSU RF I5
26 -30 KPIR
Card E-2 (Limits Card):
I5
Column Symbol Format
l -5 NRM I5
6 -l0 NSM I5
l 1-72 10A6, A2
73 -76 KOMP I4
Card E-3 (Surface Cards):
Control for boundary cross
reference table
calculate if __ 0
Punch if < 0
read existing deck if > 0
Surface number of system outer
boundary, if ray trace errors are
to be detected and error recovery
attempted. KSURF = l on CAM
data tape.
Perform point-in-region test if = 0
Definition
Maximum number of regions
Maximum surface number
Title of geometry system
ID number of geometry system
Surface numbers must be in increasing order, but need not be consecutive.
The surfaces will be re-numbered as they are read. If fewer than NSM are
a blank card terminates the surface data.to be read,
Column Symbol Format
l -4 I4
5 -6 NTP 12
7 -9 NEX I3
I0-69 Ao, A. 4E15.8
I
Definition
Surface number
Number of coefficients -i
Surface type as in Table A-2
Surface coefficients or other data
from which they can be computed,
as indicated in Table A-2.
If NTP > 3, coefficients continue on l to 3 more cards in 9X, 4E15. 8 format.
Card E-4 (Region Cards):
Region numbers must be in increasing order and are re-numbered as read.
If fewer than NRM are to be read, a blank card terminates the region data.
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Table A-2
SPECIAL SURFACE FORMS
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Column Symbol Form at
1 -4 I4
5 -6 ZX
7 -9 MTL I3
10- 18 RH@ E9. 3
19-45 XRR 3E9. 3
46 -48 3X
49-7Z NS 614
73 -80 REGID A8
If more than 6 boundaries are required,
continue on one or two cards in 1814 format,
Definition
Region nurnber
Not used
Material number
Density (gm/cm 3)
Coordinates of point in region (in.)
Not used
Bounding surface numbers
Region identification
Col 69-72 are input as -1 and boundaries
for a maximum of 40 boundaries.
When several geometry systems are being collected into one final system,
the region cards are followed by cards E-2 to E-4 for the next system, until
KOLECT systems have been used.
When several geometry systems are being read, but not collected, the region
cards are followed by cards E-l to E-4 until IPL systems have been read.
DATA SET F
Column
I-5
(Scan for geometry errors)
Symbol Format
F5.2
6-i0 F5. Z
11 -30 4F5. 2
31 -35 NRAY 15
DATA SET G (Select points in skin)
C o lumn S ymbo 1 Fo rmat
1-15 XG 3F5. 2
16-30 3F5. 2
Definition
Index of first region to be scanned;
default = i.
Index of last region to be scanned;
default : NRM
Not used
Number of random rays per region:
default = i00.
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Definition
Coordinates of point in center of
system
Blank
Column Symbol Format
3 I-3 5 NRAY 15
36-40 5X
41-70 CAX 5A6
DATA SET H (Select points in organ)
Column Symbol Format
I- 5 M_DRG F5. Z
6-30 5F5. Z
31-35 15
A. 2
36-40 5X
41-70 5A6
SAMPLE PROBLEM
Definition
Number of points to sample (set to
I00 if _ O)
Blank
Title
De finit ion
Material index of organ to be
sampled (last digit only)
Blank
/
Number of points to sample (set
to i00 if _< O)
Blank
T it le
The sample problem demonstrates the required input and expected output for
several of the tasks identified as CAMERA capabilities in Table A-1. Several
of these tasks are quite similar with respect to input data requirements but
differ in form of the output. For example, four plot options are used to
illustrate tire same horizontal cross sections through the neck and four ray
tracing options are used to prepare body self shielding data for the same
point in the neck. Differences are noted in the discussion of each option.
The specific CAMERA tasks demonstrated by the sample problem are speci-
fied in the listing of the input cards given in Figure A-1. Output from these
tasks can take four forms: printout, punched cards, plots on film, and
magnetic tape; depending on the task and on input-specified options selected
by the user. In the sample problem, all output forms except punched cards
were explicitly util{zed.
DIMENSION Card
Card 1 is a dimension card specifying the maximum sizes of geometric
arrays for all tasks associated with the job. This card is required because
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Figure A-1. Listing of Input Cards for Sample Problem
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of the dynamic variable dimensioning technique used to make efficient and
flexible use of data storage in blank common. The values are based on stor-
age requirements for the mid-torso section and large enough to accommo-
date geometrical operations for any one of the fourteen other body sections
into which the CAM model is divided in the sectioned version, except the
head. These values are not large enough for all data associated with the
assembled version of the CAM model to be in central memory (CM); such
values would be 2436, 1095, 5, 7, IZ0, 8 according to Table 14. Because
these latter dimensions imply a total data storage requirement that is larger
than many computers can accommodate in CM, an alternate mode of running
the assembled CAM has been developed. In this CAMERA mode, geometric
data is accessed in batches from a disc file (Tape-8), the number of batches
being dependent on the available CM after program and other necessary data
have been loaded.
RGEOM Task
Cards 2-3 cause the geometry (RGEOM) for a body section to be read from
file IT2=I, as specified on Card 3 (card format E-l). No cards of the form
specified by card formats E-Z, E-3, E-4 are input, the geometric data
instead being read from the previously prepared CAM data tape, i.e.,
file IT2. The particular geometry loaded into core is that of the neck, the
data on Card 3 causing Tape-1 to be rewound and the first 1604 cards, which
define head geometry (see Table 14), to be skipped.
Ray-tracing operations with the CAMERA geometry system use a cross
reference table giving the indices of all regions bounded by each surface.
The indices of surfaces bounding each region are given as input data on
region definition cards. This table can be input, if available, or created at
the option of the user. In this sample task KRGB=0, so it was created. Note
that the index of the surface forming the system outer boundary is given as
KSURF=I; this value is the same for all body sections and for the assembled
model. Because this index value is built into the data on the CAM data tape,
no other value is acceptable.
Portions of the output from this RGEOM task are presented in Figure A-2.
At the completion of this RGEOM task, the neck geometry is available in
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Figure A-2. Printed Output from RGEOM Task
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core for subsequent tasks. At the completion of such tasks, the geometry of
other hody sections could be loaded; if such data follow the neck data in the
file, the file need not be rewound. Instead it is possible to skip through the
data to the next set of geometry data that is to be used.
PLOTB_: `, PLOTB, PLOTM;: ,, PLOTM Tasks
Cards 4-Ii identify four plotting tasks associated with the neck geometry,
the tasks being similar in that they represent four ways of preparing cross
sections at the same plane in the neck. Printed output for these tasks is
shown in Figure A-3 and the four plots are illustrated in Figures A-4 to A-7.
PLOTB;:" causes all boundaries in the plane to be plotted, using "*" as the
plot character; PLOTB is similar except that boundaries are distinguished by
using the surface index as the plot character; PLOTM* and PLOTM resemble
PLOTB* and PLOTB, respectively except that boundaries are plotted only
when they separate unlike materials.
The origin of the plots is identified on the input cards in the CAM coordinate
system, as is the orientation of the plane of the cross section and the size of
the plot. The plane is defined by giving the coefficients of the equation of
the plane when expressed in the form
Ao + AIX + Azy + A3z = 0
The number of plots constructed of each type is controlled by the quantity
IPL on the task card. This specified the number of times the task is to be
performed: IPL cards identifying the plots requested, card type B, are then
expected.
The finished plot size is determined by specifying the length of the plot semi-
axes. Plotting points are determined by tracing 100 rays in each direction
from each of the two plot axes to the plot limits, as set by the semi-axis
length, and recording the intersections of these lines with the system sur-
faces. These plotting points are then recorded on film by a plotter such as
the SC4060. The 100 plotting lines are spaced across the field of the plotter,
using every tenth raster; such that the finished plot uses 1000 x 1000 rasters
of the 1024 x 1024 rasters available.
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Figure A-3. Printed Output from Plotting Tasks
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Figure A-4. Plotted Output From PLOTB* Task
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TRACES, TRACAS, TRACER, TRACAR Tasks
Cards 12-19 identify four ray-tracing tasks conducted with the same neck
geometry. These tasks each trace a prescribed number of rays from a
specified location within the neck and perform several operations with the
ray trace data obtained. These operations include estimation of the mass
and skin area of the body section, writing the detailed ray trace data on
Tape-2, computing the areal density (g/cm 2} over all path elements of the
ray, and binning the areal densities according to a logarithmically spaced
thickness grid (i.e., creating a PDF for the distribution of body mass about
the point}. The four tasks differ in that rays for TRACES and TRACAS are
selected systematically in solid angle according to the prescription used by
the MEVDP program, while the rays for TRACER and TRACAR are selected
randomly. The tasks also differ in that the first task of each pair converts
all areal density data to an equivalent aluminum thickness {based on relative
stopping power at 50 Mev as given in Table 4).
Sample output from these tasks is illustrated in Figures A-8 - A-11. None of
the computed results for skin area, body mass, or mass distribution PDF
are significant in that the number of rays traced was too few for conver-
gence. It might be noted that while the number of rays to be traced was
input as NRAY=2 for all four tasks, the number actually traced was 6 for the
systematically selected set and 20 for the randomly-selected set. In the
former case, the MEVDP prescription is to trace a total of NT x NP rays
where
NT = 1 +_]NRAY/2 = number of rays in polar angle
NP = 1 + _]NRAY x 2 = number of rays in azimuthal angle
In the latter case, when rays are s-elected randomly, the total number of
rays traced is always 10 x NRAY, unless the system mass convergence to
the specified accuracy initiates a cutoff.
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,TASK.;t_wA(ES 1 "_ ,0 °0 777777777777 "C "0 "0 *0 -C "0
C;' TI'E A T IEGI_ IS 9E,63 _EC.; 9,_7 src. ELAPSEG,
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_:_!;_ 10_ [|kS F_GP SPCOCoOoE"c1 TO 1.0_UOi_|t_2j 6 RAYSe fiANDOM kO, • 00000000_00000000001
_;_T _kACL
• _[.I ¢ _74 NKECOH_2, CO TkI_I_G _ATEEIAI 1_, _EkSITY • _*0§_00 G/CC;
erTE_ 6 _kY_ PI_S_ • _.9945_1F*02 G.e _'R _.9_3299b*_0 LB_ VAE • 3._6Eoo2e S_]h AEE_ •
"_,,_ I k;_ _ rAi. CHLATIC'J _ASE_ Ci',
P'_5_IGIC+:2) Pm_UAm|L|TY
I.COLo:oE-_I _.E+CC
4 1._L2_9E-_Z C.E_O_
5 1,31/:2_7E._1 G.E*O_
_,e2161GE-_l &,E,C:
_7 _._4_926E*:C _.333337L-_1
72 1._4_9_3E*j1 _.b*O_
74 Z._4P_t7E*_I _.E*O_
TALLIES,
DIFFE_r;Xl;L _UM_LATIVE
O.E*O0 O,k.O0
C,E*GO O,b_O0
O.F*o0 O,L_O0
o,E*_o 0,_.00
o,E*o0 O,k*O0
C,E*o0 O,k*O0
O.E*o0 O,E*OO
O.E*o0 O,E*O0
O,E_O0 C,_*OU
5,60344_F-_1 3._3433E,01
o.F'oG 3,3333_3E,01
4.SBoqLrE'.% 6.666_67E-01
4.5_4_E-_1 _,O00000E400
O.E*o0 1,00000cE*O0
G.E*O0 1,0CO00_E'OO
O.F*o0 1._O0000k_O0
O.E*o0 1,00000CE*O0
O,E*O0 1.000OO_E_O0
O.E*O0 1,00000CE*O0
,Q 4,36_%_6E*_1 _.E'o: O.E*O0
V: 4._773_1E_1 _.E*O. O.EeUC
v_ b.7543ggE*_l _.E*C_ o.E*o0
_4 _.16_9_E*_1 _.E*oc O.E*DO
9_ 6._G_4E*_l O.beO& O.E*o0
9_ 7.C794_8E-_ b,E*c_ o,E_o0
v7 7.98£7_6E*_1 O.E*O; o.E*uO
9_ 8.12_3_5E*_1 O.E*OG O.E*O0
9_ _.7C_6_6E,01 _,E*O_ o.E*o0
1.000GCOE*_2
rIe_k. _A_ry I.._tH_ER _0_000000CJ0_00000007
1,OGOOO_E*O0
I,OO000¢E*O0
1.0000016"00
1,000000E'O0
1,00000cE*O0
1,0OO000E*O0
1.00000_E*O0
1,00000_E*O0
1,000UO0_*O0
1.000DooE*O0
1,00000_E*o0
1,000000k*O0
1,00000cE*OO
1,00000_E*O0
o,E*CO CV2. V_ • _,b*O_
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Figure A-8. Printed Output from TRACES Task
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,T_.IIT_AIAS _ "0 "0 -_ 777777777777 "C "0 "0 _0 -_ "0
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_'As_¢_/c_2) P_U_A_ILITY DIrFERF_.TI_L CUMULATIVE
1.CCCc_OE-_I C,E*O; O,E*O0 0,_*00
2 1,C71519E-_1 C,E*C_ O,E*OG O,b*O0
1,14Pl_4E-_l O,E*OC 0,[*_0 C_b*O0
4 1.23_2egE-_l _,E*O_ _.E*oo O,b*O0
5 1o_1_2!7E-_1 G,E*O: O,EiO0 O,_*O0
_1 e,3;qS?3F*_G G,E*OC O,E*OO O,b*O0
h2 _.76_GE*_O 3,33333_E-0! 6.B9374_E-i_ 3,333333Ee01
_a 7,7_2471E*:_ _,33333_E-c1 6,0042_E'_._ _,b_6667E*01
_ _._76_bE*_o 3.333333L-01 5.60344_B-_1 Z,O0000GE*O0
_ _,_1_5c9E*_ O,E*C: o.E*oo 1,0CO00_E*O_
_7 9,_4¢9;6E*_; o*E*O: O,E*O0 1,0OO00CE_O0
_ 1,02_2S_E*_ O,E*CO O,E*O0 1,OOO00cE*oG
o _) 1.:9r47_E*_l C,L*O: O.E*CO 1,00000C_/00
_ 1,17_89bE*_1 C*_*Of O.E*oo Z.3OO000EiO0
7: 1.25_9_5E*;1 _,_*C: O.E*o0 1,O0000bk*O0
72 1,34_9_3E*!1 O,E*O? O,E*O0 I_GGOOO_E*Oc
/_ 1.445440F*_l C,E*C_ O.FeCO I_O0000_E*O0
7_ 1,_4_17E*_1 C,E*_: O.E*O0 1,00000_E*O0
_ 1,e_5_7E*_l _,E*O_ O,E*Oo I,O0000cE*O0
_ 1.77_279E._1 C,_*C; O,E*o0 I_O0000_E*O0
77 1,9_4_1E*_1 0,L*C_ 0*E*0C l*000000E_0O
7_ 2.0417_E*_1 a._*O0 O.E*o0 1,00000_E*O0
7 _ 2,_B77L2E*:l _,E*O_ O,E*co 1,00000_E*O0
_: _,_1886_*_1 _,b*O: o,E*o0 1,O0000_E*O0
!7 _,e915_SE*_l o,L*OC O,F*CO 1,O00000E*O0
_ 2,_e43_ZE_l 0,E*0: 0,E*00 _,00000_E*00
_4 _,OVC_;_E*:I O,b*O0 o,E*o0 I,O00000E*O0
_5 _,JZI311E*_l C,E*O_ o,E*oo 1,O0000_E*O0
:'_ 0._*0_ o,E*_o Z,O00000E*o0
_7 _,e:ls_E*:l _,E*o_ O,E*O0 1,000000E*O0
_e _,_73B_3E*_l O,E*O_ 0,_*00 1,000000E_O0
_g 4,3651|_E*_l O.EeO0 O,EeOB 1,0_OO@_i*O0
O,E*O0 CV2, Vk_ • O*E*O_
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Figure A-9. Printed Output from TRACAS Task
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2 1.C715]_E-_1
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_2 _k_S_ _AS5 • 1,2928;IE'03 G, _R _,850669EebO LB, V_R • 3,43E=01, SK|h AREA •
_4 R)YS, _ASS • I,|591_7Ee03 G. (!R _,7764416"_0 L6, VAR • 3,oSE_01, SKIN AREA •
10 _VS, _A_S • 2,1_414SE*03 G, _R 2,SAAEEA_O LB_ VAR M 2_glEmO_ SR|h AREA
18 _V$, M_S$ i _,]513;SF*03 G, _R _,5_SA?SEeO0 LB, VIR m 2,66E-01, SK|N AREA :
_ k*VS_ M_SS • 1,1621eRE*03 G, _R _,562_e4_*00 LB, VIR • ?.ATE-01, SK|N AREA •
_ASE_ Ch 8 TALLIPS,
P_ObA_IL%TY
C,E*OJ
O,b*O0
C,b*C_
G,E*O:
o,E*cO
b_ _,12F614E*_ O,E*OG
_C _,eBFA_7E*_o 5,000_oCE'o;
52 6._09_73E*_0 I.SOO_oCE-01
_ O,TOL_E*_o _.500_GOE-01
6_ 7._443J_E_Jo O,EeO0
_4 7.Te_a_lE_o G.LeO_
_5 _.317b_EE*_o 1,000_GCb-G1
_7 9.bA¢9_AEeao b,OUOCOCE_O_
o_ 1.0_2_3E*;2 O,b+OC
_c 1._9_4)SE*_z 1,POO_cOE-Gt
_ 1.17_GAE*.l 5,000COC6-_
7__ 1._4_Re3E_l o,E*o_
_ 1.¢4_44GE*:1 o,L*C_
t_ 1,_¢L_I7E_l C,b*O0
_7 1,9_461E*_1 C,EtCO
yn 2._417_BE.C1 C,b_O_
70 2,_77_2E*_1 O,b_OC
e_ Z._zzaeeE*:Z o,E'O:
_4 _.09_ZRPE*_l C,b*Or
d5 _.3113_1E*_1 O,E*OC
CZFFERE_TJAL CUHULATIVE
O.E*O0 Omb*O0
0,6*00 Ork•O0
0,£*00 OmE*O0
O,E*o0 O,b*O0
O,EeO0 O.E*O0
O,E*O0 otA_O0
O,E*oo O,b*O0
O.E*O0 ©.6*00
O.E*O0 Otb*O0
1.ZB/2_E-.1 5,O00UocE,02
3.3240_3E=I1 2,00000gE=01
?.238436E=,1 P,>:OOOOE.01
O,E*O0 5_00000E-01
u,E*o0 5,POOOO_E-01
1,681035E=_1 6,_OOO0_E.01
O,E*O0 6,5_0000E_01
7.320601E=_2 7,OO000cE-01
O,E*oo 7,OOOOOoE•01
_,9127_3F-c{ b,SOOOo_E-01
5.9504chE-_2 9,OOO00_E-01
5.553244E,(2 9,bOOOCoE_01
O.E*O0 9,_0000_E_01
O,E*oc 9.500000E.01
o,E•o0 9,500000E.01
4,2125e6E=_2 1.0OO00_E*O0
O.E*OO 1,000OO_E*O0
O,E*O0 1,000000E•O0
O.E*O0 1,00000_E*O0
O.E*o0 1.O0000_E_O0
O.G*o0 1.00OO0_E*O0
O.E*o0 1,00000_E*O0
O.E*oc lmOOOOOOE_O0
O,E*O0 1,0OOO0_E*O0
O,E*O0 1,00000_E*O0
O.E*O0 I_O0000cE*O0
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o,E*O0 C_2, VAR • O,E*o_
3,566563t*02 CN8, VAIl • _,Q_E_oz
3,397667i*02 C_2, VAR • 3,_7E001
2,9SS43SE*02 CV2, VAR i 3,32E'01
a.3_gTAl_*02 Gua, rAG . ],68E-Ol
2,467405|*02 CW_ 9AR • 3,27E=01
2,491477E_02 CP2m VAR • 2,98E'ot
2,36383iEe02 C_l¢ VAR • 2,83E'0¢
2,101183E*02 CW2_ VAR • 2,94E'0_
1,891065E*02 CW2e VAR • _lOdE=01
Figure A-10. Printed Output from TRACER Task
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Figure A-11. Printed Output from TRACAR Task
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DUMPRT Task
Card 20 causes a dump (listing) of the ray tracing data written on Tape-2.
Because the task is executed only once, as specified by inputting IPL=I,
only the first file on Tape-2 is listed, this being the data obtained when the
TRACES task was performed.
Printed output from this DUMPRT task is presented in Figure A-12.
are given for each path segment of each of the 6 rays traced:
Data
the path segment number
the index of the region traversed
the alphameric region label
the index of the material comprising the region
the surface crossed on exiting the region
the region density (gm/cm 3)
the path segment thickness in three forms: cm, gm/cm 2 (actual),
gm/cm 3 (equivalent A1)
the path segment thickness as accumulated along the ray in the
same three forms
the incremental mass associated with the segment,
the mass accumulated over all segments traversed
and
The latter two pieces of data relating to mass are actually only proportional
to mass as they have not yet been multiplied by the quantity 4_/3N, where N
is the total number of rays, as required to obtain mass in grams. The
accumulated mass, as estimated from the mass data for all rays traced, is
indicated on the last line. An estimate of skin area is also given, this being
zero in this sample case because none of the 6 rays exited the neck geometry
on a surface bounded by a region labeled external void, as required to tally
a skin area increment.
EDITM and EDITS Tasks
Card 21-22 identify tape-editing tasks which cause the ray tracing results
written on Tape-2 to be processed and written on Tape-3 in specified formats.
Printed output for these tasks are given in Figure A-13 and listings of the
data written on Tape-3 are given in Figures A-14 - A-16.
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FDZT|t,_ kAY I_ACE DATA - TEST T;ACE " MAkDOH hDe • O000000JOOOOOOOOOOOZ
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1 174 _SC_Ro; 13 80 1,051E*o0 t,26_S*Z_ 1,335E=01 1,710Fw01 1,_62Eo01 1,33SE*_1 _,710E'01 _.226F103 2.126E-03
2 1>_ _CYLR03 e 90 L,75CE*O0 5,99C/m_1 1.04eE*O0 1,3401.00 ?.252E*01 _1,|2£*00 1.43_ESO0 6.640£.01 6.661_*01
3 l_e _kC_ERo5 _ 15 1,75CE*00 $,0?2F*LO 1,874E*0_ 2,_S2E*O0 t,?g6E*O0 3,056E*00 3,684E600 9.471E*00 $,014E601
4 1_9 r._C_E_O6 h _2 1+75CE*OO 2,007F*_ 3.51_E*0_ 4,2_1F*00 3._83E*00 6_67_*00 ?.90_E*O0 _.609_*01 9.623E*01
103 h_$10_ _ 24 1,O6CE*O0 1,5_5E*C_ 1,681E'0C 2+1(3Ee00 9,386E*00 8,246['00 1.QO7E*01 1.075E_02 2,038E*02
2D3 _ L_Vol 21 1 C_E*_o 6.?_4F*_ :,E*O0 O_E*9O ?._33E*0_ 8_248E'00 _.007E603 O.E*O0 2o_38E,0_
: 174 _kSCC_=_ 13 C 1,_SeE O0 1,7 6_ rQ 1,900E O0 2,4.4E O0 _796E O0 I_900 E O0 2,434E OO 6,230S*00 6,130E*00
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F 1_8 I,_$EF_O? _ 93 I*SGCE*O0 ?,602_'(1 1,140E*0_ 1,4_2E*00 3,97GE*O0 4,527E*00 S,a78E*O0 3.496E*01 6,630_*01
1_1 ;._[_00 _ 53 I*7_CE*OC 4.S48Ee*._ 8,65gE*01 1.0416"00 4,064E*00 5,393E'00 6.7195'00 Z.TeOE*OZ ;,04_k*O_
7 _G_ I+_S_9_ _ 24 1._6:E*0_ 1.3_4F*(_ 1+403E*00 1.8_6_*00 S,388E*_O 6+796E*00 D._24E*O0 9.465SeD1 1.908S_0_
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4 t_9 r.)_¥L_3_ _ _ 1.75_+00 2.0_7F*_ 3,_12E*0_ 4,2_1_*00 3,_03E*_0 6s_TF*cO 7,905E*00 8.609_*01 9,623_*01
103 r_f._El03 _ 24 I,C6CL*GO 1.585E*Lo 1,661E*o0 2,$(3E*00 S.386E*O0 8,248E*c0 1.0C?E*O_ 1.07SE*02 a.030E*02
_ I_1 _vc_ _1 1 £,E*CC 6.794_*!_ _,E*OO O,E*Oo ?,_33E'0; 8e248F*O0 1.007E*01 O.E*O0 2._38S*02
_Y 4 _ab b P;T_ 5E_E_IS* DZRECT|_ CGE|PJ_S • ( 3,535_34Gm01_ 6.133734EeGz_7,G7106&E..OX)
_74 r_¢C_2 13 8_ 1,_51E*00 1,4_*._ I*_04E_O! 1,9;?_01 1,422E*Cl 1;504E'0_ 1.927E*01 3.040Ee03 3,040_e03
2 1_6 _C_b_ _ 9G _,TS_k*O0 6,222S*({ 1,0UgE*O_ 1,3_gE*o0 ?,e43E"01 1,239E*00 1,S01E*O0 7.764Fe01 ?_/g4E'Ot
Z_ I_'0_ _ _2 1.75CE*00 3,932E*_ 6,B79E*08 8.a(gE*O0 d,69_,00 8,119E*00 g.?7OE*O0 1,804E*02 1._12E,02
VQ t._F_C99 _ 2 I,J6CE*DO 6.927E-_ 7,343E'0! 9.4_0S-02 B,388E*OO 0,853E*00 1.072E*01 5.608E*01 2o372k*02
_02 P._ _DVdZ 21 _4 C,E*_G 6,5S_C[ _,E*o0 O,E*OO 6,043E*00 8,e53E*oo 2.OYEE*OX O*E*OO 2,37_E*02
b _01 _) _VcI 21 1 c,E+cG 4,23eE*_ O,b*O0 O,E*o0 1,842k*01 1,853E*00 S,OTai*O& O.i*O0 2,372E402
-A v 5 Mab C P*Tm SE_ENT$, DIRECTIC_ _OF|PIES • (+7,O?20teE,Ol,e?.19?217E-12joT,O?lO68E-01)
; 174 _SEQR;2 13 8C _,_SEE*OO 1,923E*_ 2,035E*0_ 2,6076*00 $,_3E*00 _,03SE*o0 3.407Et00 ?o528S*00 ?,S28E*O0
_6 _C_ER03 _ 90 1.7_CE*O0 3,8_6E*rl 6,695E'@1 8,047E-01 2,306E*00 2t?O4S*o0 3,412E*00 9.006E*00 $,653E*01
3 1e7 _SEFDo6 _ 93 1,50CE*O0 _,264E*_ 1,895E*0_ 2,3e4E*O0 3._?OE*OO 4,600E*00 _,??5E*O0 4.983E*02 6,637E*02
4 %a_ _+_ERo/ 6 53 1,75£k*00 7,326E'cl 1.202E*00 1,541Et00 4.302E*00 S,Ge2E+O.O ?.3J_EgOO 5.976E+01 1.241E*02
Vg h_,ML_C99 5 27 1,06¢E*00 2,0P6E*_ 1,15%E*0_ X,41%E*O0 S,388E*O0 ?,033E*00 8.?98E*00 8.141E*0_ 2,075E*02
@ 21 _M_5Cll 5 2 1,o6cE*o0 1,0_3_*13 1,144E°13 1,477E_3 S,388E*O0 ?,033E*0_ 8.Y9OE*O0 7.713E-12 2,07SE*O_
7 _02 _ _V02 21 _4 O,E*_o 1,Sg6E*_ O,E*O0 O,E*OG 6,g84E*O0 7,033S*00 8,798§t00 O.E*OO 2,075E*02
_0; _ _v01 2; 1 C,E*_O 3,780E*C_ O,E*O0 O,E+O0 4,178E*01 ?,033E,00 _,7981"0_ O.E*O0 2._7SE*02
H_Y 6 HIE 6 PITH SEGHENIS, DIRECT[[_.k, ,¢_S;_+8 (s]rS35E14SmO;tlilla3?_4jmOlts_rO?_..l)_k_4_O;)
1 174 b+SCOR + i0 13 00 1,0_|E*o0 1,4_2E"C_ I'_SG4E'Ot _,9|7E*01 _,422E'0_ 1,504E*05 ,_27E=01 3.040E'03 3,040E-03
2 1_6 _K¢_ER03 6 90
_,TSOE*O0 6,222E-_ 1,089E60_ _,309E*00 ?,643_-05 1,239E*on ,_OlJ*O0 7.764|'01 ?*?g4_-01
1P6 hKC_ERo5 6 52 ,TSoE*o0 3,_3{E*c0 6',87SE*0_ 8,26SE_00 4,698E*00 1,11SE*o_ _,?70EiO0 1,1041'02 1,8;3E*02
4 _9 NKM_$C9_ 5 2 1,06_k*00 6,93?E-_ ?',343E°01 9,4S01*@1 9,388i*00 8jO53E*o0 +,0721"01 5,608E*01 |,372§*01
202 N_ _DVOZ 21 84 O,E*_O 6,gBOE-O_ G',ieO0 Oof*O0 6,043E*00 t,O53E*OQ 1,0721"01 O,E*O0 |,31ZS*02
6 201 N_ LDVOl 21 1 O,E*Oo 4,_3JIE*_S 0:,_*00 4tE*O0 _tl4a.&*+01 Jl-rli_.a_*4_l_.--_.-_O . _,3_*OZ
+ISS • 4,gP4_SlE*02 0,, OR 1o983199E*0+ LS, v£_ t 3tO4iJ02+ SXlN IRI_ ! O*i*O0 CMI+ V£_ 8 (,l*O0
Figure A-12. Printed Output from DUMPRT Task
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, TASK..,EI_|TM I
CP 'rl"E AT IEGIh
F'iITI_.b IAV II, ACE ibATA - TEST T_ACE
m F_aV.'. JbN_T ( _,E*_O , OoEmoo
_ TIME AT FEEl_ |S
FDITIm_ IAY TfiACE DAT A w
.U .O -0 777777777??? "0 -O -0 *_ -0 .0
IS 204,55 _E¢,, 0,44 SF¢, ELAPSED,
" AAkDOM NO, • OOOOO0000000OO000O01
, 1,050000B*_2)J RAY HE|DkT • 2.0S439_E*00
6 ElY5 JbOUT ( 9,E*OO e O,E*O0
+l,tTt,,6 mAY ThACE OATA - TEST T+ACE
_,!TI,,_ _AY I_ACE DATA - TEST TEACE
+_TI,6 mAY THACE _ATA * TEST TFACE
_ EAVt. Jbh_T ( _.FtCO I ODEeuo
*0 -0 -0 77777777777? "0 -O -0 *0 -0 -0
104,81 +EC,, 0.26 $[Ci ELAPSED,
TEST TFACE - RAkDD_ NO. " O00000000000OOOO000[
, l,050000E*_l)* RJY MEIOH? • 2,09439_E*00
- AAkDO_ NO. • oooooo0000OO00OO00Ol
, 1.cSOOOOE*01), RJY WEIOH? • 2,39439_E*00
• RAEDO_ NO, • OOOO0000000000OCO00?
, 1,350000E*O1)e R_Y MEI_HT • _,28316_E_01
" ;Ak_O_ NO, • 0000000022S66t34014T
],_O00OE*C2)* RI¥ ME|QHT • e,2S_lB_E'01
CR145
FigureA-13. Printed Output from EDITMand EDITS Tasks
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i 0*500G0_00E*00
2°0,_00C0000E*00 g,S0000000E*G0 0,7071067_E*_1,50000000 ,C0 0,?071067| *0[
3-OISOOGGOGOE*OG-Q,5OOOCOOOE*;o O.?87;gS_D_14-
0,500_00[.00-0,S000_000£*¢0 0.70?lOJ?aE*_(0,500C0000E*00 0,5000C000E*_0m0,?0710678E*0(
6-O,_O0_:OOE*OO _,50000000E*GO-O.?O710618E*_
1 1 5 C,538_1S37E*01 C,16BO589?E*02
1 2 60,38026917E*01 O,_Sl16208E*01
1 4 6
1 : O
2 2 6
2 _ 8
2 4 6
2 _ t3
2 e 6
2 7 13
2 0
3 2
3 _ 6
3 4 6
4 4 .l:_
4 0 ¢
5 _ 6
5 * i.
5 _ 6
5 ; 0
b _ 6
0 4 1_
0,1796051_E*01
0 72523763E*00
0 12_1921CE*0[
: 10067464E*0;
0 4G643770E*O_
G 3_6g_794E*O!
0,221_2709E*01
0,1796_2E*01
0,85244o97E*01
0,538_1537E*0_
0_380269_7_*01
0,27963_12E*01
0,72523263E'0C
0,12619110E*0C
C,l_6eT;64E*0;
0,53881_37E*01
0,469_44_3E'01
0_42_6984E'0C
G,53881_3?E*O!
0,_3_81_37E*01
0,43622_6_E.01
0,3_695794E*01
G,230_9_34E*G1
C,19233_73E*01
O,57976779E*G!
_,53881S3?E*0_
0,46974403E*0_
0,76432q65E*oc
0_142_6984E*00
0,1_715_00E*02
C.1073932_E*_1
O,JO48322?E*01
_,]335101BE*0_
_,_24797_gE*01
0,_4032032_*01
_,_6_89_88E*0_
0,_14034595.01
_,]0489030E*01
_,43B24442F*0G
0,17122647E*04
0,19002118E*01
_,dTO63214E*P2
O,16B_sOg?E*01
0,_116208E*c1
:,1e?3932_E*01
0,10483227E*01
5,133_1018E*0_
_,E2479?SgE*01
G,t3_276_SE*o_
C,_8794_92E*c1
O,IODB?642E*O_
_,1_041_6gE.0_
_,(8_291_2E*c_
_,1147_392E-12
_,11510828E*01
O,18954840E*c_
;,_6947323E*o_
_,;0349226E*c_
_,?03309_0E*0_
0,13427625E.0_
O,LST94_92E*_2
0,10_87642E'01
0,15042_69E*0_
60j2_943951E*01
60j2C94395_E*02
6 g,2Ggi3g|_E*01
0,2C943951E*050_2_94395]E*01
6 0,2C943951E*_2
CR145
RAY DEFINITION
PATH SEGMENTS AND TOTALS FOR 6 RAYS
NOTE: RESULTS SHOWN ARE FROM THE TRACAS TASK
Figure A-14. Listing of Data Written on Tape-3 by EDITM Task
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0_20943951E*01 /
O,209439S_E*01
012094_gS_E,020_20943991E*01
6 0,2094395]E*01
RAY DEFINITION
PATH TOTALS FOR 6 RAYS
CR145
NOTE: RESULTS ARE FROM THE TRACAS TASK
Figure A-15. Listing of Data Written on Tape-3 by EDITS Task
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C 0 0o73860384_*01
2 ¢ _ 0*992232_3_*01
3 0 00,_3965061EJOa
4 0 0 0,21837987E*0|
5 _ O 0.1069422tE*0|
6 0 0 0,83116_02E*_1
7 0 C 0,22549?6GE*0_
8 0 G 0,7_009387_*G1
g 0 0 0,8_673768_*_1
1_ _ _ 0,16644_CgE*02
;1 _ 0 0,9244631_E*01
12 : _ 0,2C64_17E*C2
13 _ _ 0,140_1_74E*02
14 _ 0 0;210_8783[*0|
:S _ _ C,15391;4_E*Oa
_6 C G 0,76919333E,G1
1_ _ C 0,84105_7C_*0_
20 _ C 0,91254193E*01
O,_8409284|*O_
0_e004949_§*01
O,S4822279E*01
0 867996?BE*02
G _6102321E*01
0 1011SOI2E*02
_7379697E*01
0 13227493§.02
7282_189E*0_
ES634068E_01
|1226491E*_2e?82926bE*C1
0 ]223|_37S*0_
L24_9794E*_I
S44462?OE*CI
ESG42061E4_2
G (8144384E*C1
73612_36E*01
PATH TOTALS FOR 20 RAYS
CR145
NOTE: RESULTS ARE FROM TRACAR TASK; RAY DEFINITION DATA ARE NOT SHOWN
Figure A-16. Listing of Data Written on Tape-3 by EDITS Task
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The EDITM task uses the same format as the MEVDP program for its
Tape-7. This format includes for each dose point, data defining each ray
(direction cosines, solid-angle weight, etc. ) followed by the path segment
data for each ray. The records for information defining the rays are
written in the format {I5, 3E15.8, I5, El5.8) where the entries are: ray
index, direction cosines; total number of rays; solid-angle weight of ray.
The records for path data are written in the format (315, 2E15.8) where the
entries are: ray index, path segment index; material index, distance to exit
surface of the region (crn); areal density for the path (grn/crnZ). The last
record for each ray contains totals over all path segments written in the form
identified for the EDITS task.
The EDITS task causes the detailed ray tracing results on Tape-2 to be
collapsed to obtain total areal densities (or total equivalent A1 thicknesses)
along each ray. Again Tape-3 is written using MEVDP Tape-7 formats with
the first file giving the ray definition data and subsequent files giving the
collapsed data for each dose point, ray by ray. The path data are written in
the same format as before, with the exceptions that the second and third
entries are set to zeroes and the fourth entry is equivalent aluminum thick-
2
ness in grn/crn .
UPDATE Task
Cards 23-31 demonstrate the procedure for modifying the CAM model data
tape while cards 32-33 initiate a RGEOM task to test the modification. The
sample case consists of reading data from the original data tape, Tape-l,
skipping portions of that tape before copying part of the mid-torso model to
Tape-2, providing two substitute cards for the mid-torso model, then cop-
ying the remainder of_he original model. The card numbers used in the
COPY n. m i (i e. n. = 2518, m. = 3005) are the sequence numbers of theI' " _ i i
cards: these sequence numbers are printed in the leftmost column when cards
are listed by RGEOM or UPDATE tasks.
The changes provided to the mid-torso model are dummy modifications, and
contain the same data as on the cards they replace. Sample printout from
execution of this task is shown in Figure A-17.
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I1_%K.'e_L_TE 1 -0 "0 *C 7777777?7777 "C "0 *_ °0 "0 "0
;f' T|H_ AT FEG[t, [S _0,_o _LC,, 1.7_ SfC* FLAPSEU,
Z 2 1 °0 _ *o -c -o -o -0 -_ ; -o
.cA_ _ELETE[ *** 1 b _,:7_OOGOOE-_I*5._LO|O_OOb-03 C,E*O0 _2,SCCOCO00E-OE 7031 11
*r;_R_ rELE?EE "'* ":'50CG0000F'03" _'_Of0_0OE'03 4'0000C0n0E*04 O'E*_C QoC1 12
"CA_ _LLETtE "*, _ b "7,1_42736E-15 ..E*Ol G,E*O0 "8,03348356Em01 9001 21
.!;_ UEL_TE[ "** 7.61:324uIE-02 t.247rT_o3b'01 ].6234_145E°PI O.E*C: _0_1 22
._A=_ r) _LLL_EC *** 3 _ 1.J2L_oooF*oc :.[-*Or _,E*_O °I.0_OOC_C_E*OC 9001 31
.,.^_ L)EL_T_[ **, 5 0 "7,10_4?736E'15 _._*Ot _,E*oo *b,33333333E'01 90C1 _1
,_/,.n _L_E[ **. _._bC_1903E-_2 1.4_3q9430_'01 1,73611112E'Pl O.[*C_ 0001 52
,i;_ _L_LTb[ *** o 0 o],17_48869E-01 u.h*OI _,E*O0 -5,3_45C273_*01 9001 61
_,_l; ;)LL_TE[ * * t,_4_9_945F*_2 1.1_7;_737c'01 _.0_16;945E'_2 O*E*_ QO_I 62
.;_,tr' [,_LF.T_[ *** _'5 _] 0.0_000 0,_0_'b "7_000U0 1_*_0000 104 IP5 96 0 0 0t'TLA_V02
._k_ _LLhT_[ *** 2_0 _ _.OCOOO 0.5_0 "e_OOOOC 1_,00000 1 2 1C6 9_ 105 Ok_LA_V03
._^k_ UELEf_E •*, 2L7 2_ G,OCOGO O*UGC._C O,O000C 11,00000 1 2 q _ O O_.TC_¥Ol
,_A_ UE_ETE_ *** Zle 2] O,O:COO C,OO_C 0t30009 16,1000_ I 1_6 _ 0 0 o[.T_L_VO1
.';^_ _E_ETE[ "** _L9 _ C,O_OPO _,_0_ CeOOCO0 1_,8000_ 1 4 106 95 96 C_?_L_¥02
1 2&7 156 I:]_°TO_$O m 1_*7 ,LT, Z ,ITt 29*0 9994
2 1 _ -_._7_OO_OP*CI-S,OCOOOCOOE-_3 (,I*_G "2,8COCO000E-o_ 9994 ZZ
3 _.SC_COOCO_-C_ 2,5000000GEo_.3 4.(O00000Ob'O40.E*OC _994 22
4 2 O °2.32903624_*¢1 0,E*0O l,l*_0 8,2¢970646E.03 9994 21
_,3Z97P4_CF°C3 2_2684_2E-,:3 ;,,_96_7_4_E-_ O,E*O0 0994 _2
b _ 6 9,_7:1_719E*0C o_L•o_ _,_2_8217b-Gz,Z,l|$29533E*cc 9994 31
7 4,P2647297E_c2 5,53_7_905E-i2 _,915_0274b'02 O,E*O0 g994 3_
fi 4 _ _*_7_1_719E*00 O,E*OO *_,32RSB217E-Cl_I,ZtI29533E*oc 9994 41
9 4.52647297_*02 _,_3_7_905E*'_2 ;,QZ_3_274b*02 O,E*O0 9994 42
_ _ b -7,7429_697F-OI_5,O6152332E-_ 4,15393204E*_2 2,44879937E-02 9994 51
11 E.5_:76166E*C2 6,92322007E',:3 _,_8Rb66_6b*C40,E*OC 9994 _
_2 b 6 -7,7429C_697E_cl-S,061_2332E-_3_4.35393204b*_2 2,44875937E-C2 9994 61
Z3 _.530761_6E_c2 6,92322007E-n3 9,18866636_4 o,E*OO 9994 6_
14 7 5 2._4_00000F*00 4,0OOCO000E_o _._O00000QE*_O O,E*OC 9994 71
4F3 I_ _ 1.5:9C0 *_,_CC _._0CC0 _7,_010, 124 I_P _ 1_4 _ *l_?LVERI2
4_4 Z_o 1_ _ 0 0 C _ 0 O O C C 0 0 0 0 0 _T_VER12
¢_5 1_4 e 1,5;_0 ";._C_0¢ -0._1_0 29,_c(00 1_4 112 ;3 153 14 -IHYLVERI_
_P_ 1J4 _7 1_5 C C G 0 O O _ 0 0 0 0 0 0 0 _HT_ER%3
*_7 1_5 8 _.5_O_O °2.(C_OC 0.01000 28.L_LG_ 124 132 ;3 154 14 _IHT_ER_4
4_ 136 _b 1_5 _ 0 C C 0 0 O _ 0 0 0 0 0 0 c_T_VER14
._l'IT Ir,_L_ **,** 1_,6 _ ],75 "2,91 "*(1 2_*_1 70 44 125 1_3 14 "IVTLVER15
4P9 1_ 6 Z.7_ *Z,_I ",G1 PS,L_ 76 44 1;5 15J ]4 *l_T_VER15
._FIT II.;!_T *- * :,7 155 _TLVEE15
* ",(1 2_*_1 76 44 125 153 14 *I_TLVERI_.C^;_ _ELL_E[ " * 1_ _ ],75 -2,91
,C^_C _L_EXE[ **- _7 Z55 _TLVFR15
_9 i _7 6 1,7_0_C -_,;13GC 0.01000 2_._1(00 76 44 1_9 _54 14 _INTL_ER_e
_o2 _5 1_5 _ 0 _ 0 C 0 0 0 0 G 0 0 0 0 0 OVT_¥ER16
4_3 Z_o 6 1,750!_0 *2._0C "G.21000 _7,!0(00 44 §O 1_5 153 14 -1HT_VER17
4q4 _; 1_5 57 C 0 O 0 O 0 0 0 0 0 0 0 0 0 _HT_ER17
4q5 1_9 _ 1,7_c0 -_._2_0C $.210C0 ;7,5_[0c 44 50 1_9 154 14 _IPT_VERIB
CR145
FigureA-17. Printed Output from UPDATE Task
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